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The Hell Gate Arch Bridge of the New York Connecting Railway 
over the East River in New York City. 


Figs. 1 to 17, pp. 6 to 29, 


We propose to give below a brief sum- 
mary of the paper on the railway arch 
bridge known as the Hell Gate Bridge, 
_ built during the war over the East River 
-at New York, which appeared in the 
Proceedings of the American Society of 
Civil Engineers in 1917. This notable 
bridge did not receive as much attention 
as it should have done in Europe, as it 
was built during the war. Although near- 
ly 10 years have passed since it was built, 
it is such an interesting structure that it 
deserves to be better known by those 
dealing with the design and construction 
of bridges. 


Short description and history. — The 
Hell Gate Bridge on the New York Con- 
necting Railroad is a large steel arch 


bridge having a span of 995 ft. 1 3/8 in.. 


between centre bearings, and a_ total 
height of 305 feet above mean high water 
level. It carries four railway lines on 
a heavy ballasted floor. The construc- 
tion is in high carbon steel with riveted 
connections. 

The river is 850 feet wide between 


banks at the site of the bridge and its 
greatest depth at high mean water is 
105 feet. It was out of the question to 
think of permanent or temporary sup- 
ports in the river channel itself. The 
only types which could be taken into 
account under such conditions were the 
cantilever or its relative the continuous 
truss, the stiffened suspension bridge, 
and the arch (hingeless, two, or three- 
hinged). 

Most American engineers would have 
considered the cantilever type as best 
suited to the local conditions. The ge- 
neral opinion is that the suspension type 
is not suited for railway bridges if the 
span is less than 2 000 feet. 

When the character of soil and other 
local conditions are considered, there is 
little difference in cost between the se- © 
veral types mentioned. 

In 1904 Mr. Lindenthal made compa- 
rative designs of the three types com- 
prising the stiffened suspension type, 
the three span continuous truss and the 
three-span cantilever with a central 
span of 850 feet and a total length vary- 
ing from 1450 to 1550 feet. These de- 
signs are shown in figures 1, 2 and 3. 
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The system of trusses adopted for the 
suspension design is that of an inverted 
three-hinged spandrel-braced arch sus- 
pended trom hinged towers. The sys- 
tem is statically determinate. ‘ihe upper 
chord or chain ot eye-bars follows very 
nearly the equilibrium polygon tor dead 
load. The centre hinge is necessary so 
that the system shail be immune to settle- 
ment of the foundations, as it was noi 
known whether solid rock foundations 
could be found at a reasonable depth. 
When the piers are built on solid rock 
the centre hinge should be omitted. 

The cantilever is generally superior to 
the suspension bridge so far as rigidity 
is concerned. The stiffening trusses in 
this design and the great sag of the 
chains (1/6 of the span length) have im- 
proved the suspension bridge in this 
respect, the deflections of which have 
been reduced to about one and one half 
times those of the cantilever. This great 
deflection is no serious disadvantage in 
the case of a bridge of such size, capa- 
_ city, and dead load, which latter is 
' double the maximum assumed live load 
and more than four times the live load 
under average traffic conditions. 

The continuous truss is more rigid 
than the cantilever and suspension types. 
The trusses are, however, statically in- 
determinate and their stability may be 
dangerously affected by foundation 
settlenient. Their appearance is less 
pleasing. 

In 1905 the plan of the line was alter- 
ed bringing it almost on to the shore line 
of the island and altering the central 
span. These conditions induced Mr. Lin- 
denthal to investigate a single span «rch 
bridge design with a span length of 
1000 feet between supports. Compari- 
son of cost with the suspension and can- 
tilever designs showed a saving in favour 
of the arch. 

The weight of steel work of the arch 
was 13 000 tons as compared with 14 000 
tons and 17000 tons for the suspension 
and cantilever designs respectively. The 


arch type is also more rigid and the ver- 


‘tical deflections are only about two- 


thirds those of the cantilever type. ‘Ihe 


Secondary stresses are regularly smaller 


in an arch of this type than in a can- 
tilever. 

The economy of an arch depends lar- 
gely on the method of erection. The ma- 
terial needed for the viaduct spans, etc., 
provides ample material to make up the 
temporary back stays and anchorages at 
little cost. 


Comparative designs of arch bridges. 
-— Two types of doubite hinged arch 
were prepared — the spandrel-braced 
arch like the Rhine bridges at Dusseldort 
and Bonn (595 and 614 feet spans), and 
the crescent arch like those over the Ga- 
rabit valley. (France), and the Douro 
River in Portugal (541 and 525 feet 
spans). (Figs. 4.and 5.) The weight was 
slightly in favour of the crescent arch, 
but the spandrel-braced arch offered 
greater advantages for the cantilever 
erection. 

The three hinged arch was not con- 
sidered as being not so cheap as the 
others, and also less rigid. The fact that 
the two hinged arch is statically inde- 
terminate is considered to be without 
objection when the abutments rest on 
solid foundations. 

So far as tthe arch itself is considered, 
the stresses in the three hinged arch can 
only be determined statically so far as 
the exterior forces are concerned, as ri- 
veted connections and even pin connec- 
tions are all now recognised to be inde- 
terminate. 


Description of the structure, — The 
structure as built is a spandrel-braced 
steel arch bridge with two hinges at the 
ends of the lower chords. The span 
between hinges is 997 ft. 6 in., and was 
determined indirectly, as the clear height 
had to be 135 feet above mean high 
water for a width of 700 feet for navi- 
gation. The upper corners of this clear- 
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ance rectangle fixed tthe intersection form load equally distributed over the 


points of the floor with the bottom 
chord. 

The exact rise of the centre line of the 
bottom chord is 220 ft. 0 in. above tthe 
centre of hinges, which gives a ratio of 
rise to span length of 1: 4.5. This ratio 
is the most economical under the given 
conditions. The weight of an arch of 
this ttype and length varies inappreci- 
ably for variations in rise between 1/6 
and 1/4 of the span, the minimum being 
nearer the lower value. 


Shape of bottom chord. — The panel 
points of the bottom chord lie on a pa- 
rabola, this being the line of equilibrium 
of the bottom chord as an independent 
arch and when covered with a_ uni- 


whole span. 

This condition was nearly realised 
during erection, the bottom chord being 
erected with the joint at one of tthe 
centre panel points acting as the middle 
hinge. 


Height of arch trusses. — The total 
height from centre of hinge to centre of 
top chord at the middle of the span is 
260 ft. 2 5/8 in., and the total height of ~ 
the steel super-structure above mean 
high watter is 305 feet. 

The height of the trusses at the quarter 
points is 60 feet or rather slightly more 
than 1/4 of the rise of the bottom chord, 
The height of the trusses at the centre 
was decreased to 40 ft. 2 5/8 in., or 


eg 1 a 


about 1/24 of the span, and tthe height 
of 140 feet at the ends of the trusses 
was determined by the necessity for 
rigid portals between the end _ posts 
. above tthe track floor. 


Width. — The width of 60 feet be- 
tween centres of trusses resulted from 
the required width of 53 feet for the 
four tracks (the distance between cen- 
tres of tracks being 13 feet) and an allow- 
ance of 7 feet for the width of the bot- 
tom chord at its inttersection with the 
floor. 

This width being 1/16 of the span 
length was sufficient for lateral stability 
and rigidity. 

The floor is made 93 feet wide, its 
chords being placed 16 1/2 feet outside 
of the main trusses and carried by canti- 
lever extensions of the floor beams, in 
order to give great lateral rigidity of 
the suspended floor and an economical 
floor wind truss. 


Web system. — The main trusses con- 
sist of a single line of verticals and dia- 
gonals in N form, the latter falling to- 
‘vards the centre, the average inclination 
of the diagonals being about 45° with the 
horizontal. The length of ithe panels is 
42 ft. 6 in., there being 23 panels, or an 
odd number. 


General arrangement of arch bracing. 
— The transverse bracing between the 
two trusses comprises lateral systems 
along the top and bottom chords and 
sway frames and portals in the planes 
of the first five verticals at each end of 
the span. 

Sway frames between the other truss 
verticals were omitted purposely in 
order not to overweight the structure. 
They would have had to be very heavy 
to resist the stresses from unequal de- 
flection of the two trussses under one- 
sided load. 


General arrangement of the flooring. 
— The floor system comprises (fig. 13): 


i. Floor beams riveted to the verti- 
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cals of the end panels and hung from 
the trusses by suspenders in the middle 
part; 

2. Eight lines of stringers 6 ft. 6 in. 
apart framed into the floor beams. These 
stringers carry in pairs reinforced con- 
crete troughs in which is tthe ballast for 
the track between the main trusses. 

3. Four lines of foot way stringers 
framed into cantilever extensions of the 
floor beams made strong enough to carry 
the tramway lines which had been con- 
templated; 

4. Two lines of lattice girders screen- 
ing the floor system and acting as rail- 
ings; 

5. A floor lateral truss to resist the 
wind and lateral forces; 

6. Two « braking girders >, one at each 
intersection of the floor with the main 
trusses. These girders transmit the lon- 
gitudinal forces from braking and trac- 
tion from the stringers to the main 
trusses and thus eliminate serious hori- 
zontal bending of the floor beams, 


Provision for expansion of the floor. 
— The floor had to have at least one 
expansion joint so as not to be strained 
by temperature changes or deformation 
of the arch truss. The joint had to be 
at or about ithe intersection of the floor 
with the bottom chord. 

The expansion of the floor for a change 
in temperature of + 72° F. is + 4.1 
inches, partly absorbed by the horizontal 
expansion -of ithe arch of + 1.6 inches 
between ithese points. The remaining 
expansion of + 2.5 inches had to be pro- 
vided for at the expansion joint. The 
effect of a maximum live load covering 
the centre span is to open the joint by 
0.1 inch which is negligible. 

The following considerations had to 
be taken into account when locating the 
expansion joint : 

1. To secure the greatest lateral rigi- 
dity, the joint should cause tthe least la- 
teral deflections; 
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2. To avoid large stresses in ithe strin- 
gers and their connections from the lon- 
gitudinal force, the distance between 
the expansion joint and the braking 
girder should be as small as possible; 

3. The floor suspenders should be sub- 
ject to the least possible bending in the 
plane of the truss. 


To best meet these conditions the ex- 
pansion joint was placed at panel 
point 12, six panels from the Wards 
Island end. At ‘the corresponding 
point 12 on the Long Island side the 
floor laterals are rigidly connected at 
the centre of the floor beam, but the 
wind chords are cut. 

The wind chord therefore forms a 
three span cantilever truss with a sus- 
pended span between points 12. 

The longitudinal forces from 0-12 are 
absorbed on each side by the braking 
girders in b and the connections to the 
floor beams made strong enough accord- 
ingly. 


Details 
of construction of the superstructure. 


The connections are riveted, no pin 
connections being used. In members 
subjected to reversal of stress, pin con- 
nections are insufficiently rigid and im- 
pair the durability; so that the connec- 
tions could be riveted all the members 
have double webs. 


Bottom chord section, — The bottom 
chord has a closed double-box section 


with a solid horizontal stiffening dia- - 


phragm along the centre line of the 
chord. The area of the section varies 
from 929 square inches at the crown ito 
1 392 square inches at the bearings. 
The corresponding surface for the new 
Quebec bridge of 1 800 feet span is 1 902 
square inches. The width of the chord 
is 6 ft. 6 1/2 in. throughout. The depth 
increases from 7 ft. 1/4 in. at tthe crown 
to 10 ft. 9 3/4 in. at the bearings, the 
greatest depth overall being 11 ft. 41/4 in. 


The thickness of the web is uniform and 
the depth at the bearings is the largest 
that transportation from the shop to the 
site would allow. 

The webs are formed from two plates 
riveted along the horizontal centre line 
and are stiffened by five pairs of trans- 
verse diaphragms, 

he closed double box section was 
used here for the first time in a large 
structure. The circular tube section of 
the Forth bridge is theoretically the best 
to resist buckling, but is too costly for 
American practice. The rectangular 
closed box section properly stiffened is 
superior to sections made up of several 
webs connected by latticing and tie 
plates provided it is of sufficient dimen- 
sions to allow access to the STE for 
riveting, inspection, etc. 

The webs are of the extraordinary 
thickness of 2 inches. It was considered 
that greater strength is obtained with a 
single thick plate than with several thin 
plates tack-riveted together. 


Top chord and web members. (Figs. 10 
and 11.) —- These members are box sec- 


tion. All open sides have stiff angle 
latticing, 
Floor suspenders. — The suspenders 


are of I section with single web 48 inches 
deep. To prevent large bending stresses 
in the suspenders at the connections 
with the floor beams and the trusses, they 
are connected with 16-inch pins at the 
top and bottom parallel to the plane of 
the truss. 


Latticing of truss members, (Fig. 8.). 
— Since the failure of ithe Quebec bridge 
in 1907, it is generally recognised that 
this latticing should bear a proper pro- 
portion to the whole section of the mem- 
ber. The following rule was adopted 
for the Hell Gate Bridge : 


The latticing shall be designed to 
resist at right angles to:the main member 
a shearing force in pounds at least equal 


err 


to 300 times the gross area of the mem- 
ber in square inches, 

Actually the latticings were built up 
of angles of a minimum thickness of 
1/2 inch with two rivets for each angle 
at least. Flat lattice bars are not re- 
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commended. They are easily bent in 
handling, which constitutes a permanent 
defect in a bridge. 

The inclination of the bars is about 
45° with a splice at the intersection with 
a square covering plate, 


SECTIONS OF TRUSS MEMBERS 
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Riveting. — Little is known about the 
distribution of stresses in a riveted con- 
nection; it has been assumed that the 
rivets were equally stressed, any differ- 
ences arising from the secondary stresses 
being supposed to ‘be covered by the 
factor of safety. Certain requirements 
were adopted, the principal being the 
following: 


— The joints shall be designed of 
equal strength to that of the member; 
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— The joints shall be calculated for 
the maximum stress both in compres- 
sion as well as in tension; 

— The joints shall be fully spliced; 
otherwise the number of rivets must be 
increased by one third. 


The top chords are fully spliced; the 
joints were designed to take the maxi- 
mum stress in compression or in ten- 
sion. 

For parts under tension this condi- 
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tion is obviously necessary, but for those 
iin compression it might be thought that 
the joint was of less importance. In 
present day practice it is considered 
that even in such a case the joint should 
be able to carry the total load. 
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It must be noted that in practice in 
addition to main compression stresses, 
secondary bending stresses occur, which 
give rise to stresses in tension at the 
joint. Furthermore defects of workman- 
ship may result in imperfect contact be- 
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tween the faces of parts of the members. 


Joints in bottom chords. (Fig. 12.) — 
The joint between two compression 
members of the bottom chord adopted 
was of unusual design. The end of one 
of the chord members meeting at a joint 
was faced to a perfect plane, and that 
of the other member was faced to three 
planes, so that the joint was tight over 
the middle third of the chord depth 
and each outer third formed a wedge 


shaped opening 1/8 inch wide. The 


purpose of this arrangement was to con- 
centrate the bearing pressure over the 
middle part of the joint and thereby 
avoid dangerous edge pressures, Expe- 
rience with other large bridges fully jus- 
tified this precaution. 

The outer thirds of the joints are 
spliced 100 %, the middle third only 
about 50 %. 

The area of the splicing material of 
the whole joint is between 70 and 80 % 
of the effective area of the chord, but 
its section modulus is practically equal 
to that of the main section. Including 


the bearing area of the middle third of 


the main section, the.total resisting area 
to compression is from 110 % to 120 % 
of the chord section. 


Rivets, —_ The maximum diameter of 
the rivets is 1 1/4 inches for the bottom 
chord, the thickness of the plates to be 
riveted amounting to as much as 9 7/8 
inches. 
7/8 inch, 


Wind and lateral bracing. (Fig. 8.) — 

The wind bracing between chords is 
made up of intersecting rigid diagonals 
in the form of a St. Andrew’s cross with- 
out transverse struts, except at the panel 
points at each end where tthey form part 
of the sway frames or portals.. 

Laterals are commonly proportioned 
to resist the stresses from wind and 
other lateral forces. 

The fact is generally overlooked that 
the lateral system between compression 


The other rivets are 1 inch and’ 
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chords bears to these chords the same 
relation as the latticing to tthe different 
ribs making up a compression member, 
and helps to strengthen the two chords 
against lateral buckling as a whole. 

In accordance -with this hypothesis 
the laterals and their connections should 
be strong enough to fulfil this require- 
ment independently of the calculations 
of wind froce. The following rule was 
adopted : 

If a be the gross section of the com- 
pression chords in square inches (the 
mean if the chord section varies), the 
laterals in any panel should be designed 
for ia shearing force in pounds S = 400a, 
330a or 300a, if the lateral system con- 
nects two, three or four trusses respec- 
tively. It is not necessary to combine 
this force with the shear from the wind 
or other lateral forces, but the laterals 
and their connections must be strong 
enough to resist either. 


Arch bearings. (Figs 9 and 14.) — The 
bearings are of cast steel and ittransmit 
to the granite skewbacks a total reaction 
of 30 262 000 lb. or 700 lb. per square 
inch on a bearing area 17 ft. 6 in. square. 

The upper shoe at the end of the 


' chord is in two pieces each weighing 


30 tons. The lower face is perfectly 
plane and bears against the convex cy!- 
indrical surface of the lower shoe, the 
radius r of which is 1150 inches. 

The maximum angular motion under 
load is approximately 1° 30/ up or down 
which produces an eccentricity of only 
2.5 inches, The pressure per lineal inch 
of line of contact is 


__ 30 274 000 
De oe ATG 


The contact is over a rectangular area 


of width 
= [et = 9,5 inches, 
E 


E = modulus of elasticity of the ma- 
terial. 


= 261 000 lb. 
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Fig. 9. — Details of panel point © and bearing. 


The maximum pressure per square 
inch at the centre : 


; E 
s=042 \/2 — 34500 Ib per sq. inch. 
: 


The average pressure is 27 500 Ib. per 
square inch. 

The maximum tangential force is 
3570 000 lb. or 12 % of the normal pres- 
sure, and is easily resisted by the fric- 
tion of the supports. However, to pre- 
vent displacement of the upper shoe, 
four steel dowels 5 1/2 inches in dia- 
meter are set into the lower shoe and 
engage holes in the upper. 

The lower ‘shoe is in eleven pieces 
arranged in three rows in which the 
joints are placed alternately parallel and 
at right angles to the plane of the truss 


to ensure proper distribution of the 
pressure. 

A one-inch steel plate is placed be- 
tween the lower shoes and the masonry. 
Sixteen anchor bolts 2 1/2 inches in dia- 


meter and 10 feet long secure the lower 


shoe to the masonry. 


Particular attention was given to this 
cast steel bearing as the failure of the 
Quebec bridge in 1907 was attributed to 
defects in this part. 

It is essential that the cast steel be 
properly annealed, that the thickness 
throughout the casting be uniform, and 
that the cores be removed quickly after 
casting, so as not to interfere with the 
free contraction of the casting. In 
short, initial cracks must be avoided 


and high internal stresses removed. 
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Fig. 10. — Details of panel points 6 and 7. 


Stringers and floor beams. (Figs. 11 bottom lateral bracing and two sway 
and 13.) — The railroad stringers are frames in each panel. The floor beams 
6 feet deep and of ordinary make up. are heavy box girders with two webs 
They are connected in pairs by top and 8 ft. 6 in. deep with top and bottom 
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Fig. 41. 


cover plates 42 inches wide. They are 
stiffened by vertical diaphragms oppo- 
site the floor lateral connections and are 
connected to the floor ‘suspenders by 
16-inch ‘pins. 

Each of the floor beams weighs 86 tons. 


Floor lateral truss and braking girder. 
(Fig. 13.) — The diagonals are riveted 
to the stringers and to the floor beams. 

The two braking girders are rigidly 
framed into the bottom chord of the 
arch trusses at the intersection with the 


ites Fee 


floor. They have a single web 8 feet 
deep placed immediately below the floor 
laterals. 


Camber and deformation of arch 
trusses. — The arch trusses were cam- 
bered for dead load only. The camber 
was ascertained by increasing or de- 
creasing the « geometric » length of each 
member by an amount equal — but oppo- 


site — to its change in length from its 


dead load stress. The object was to 
prevent the top of the rail from sagging 
below a horizontal Jine under full live 
load and extreme low temperature. 

The stresses due to live load have little 
influence on the deflections. 

The deflections were calculated on 
the gross area of all members. The mo- 
dulus of elasticity was assumed to be 
30000000 Ib. per square inch. The 
maximum deflection under dead load is 


Specification 
Chemical composition : 


Carbon . 0.27 to 0.34 
Manganese. 0.52 to: 0.64 
Tensile strength : 
Breaking strength . 
Apparent elastic limit 
Loads and unit stresses. — The Engin- 


eers endeavoured to determine as accu- 
rately as possible the nature and maxi- 
mum value of the stresses acting. Hav- 
ing done this, working stresses relatively 
high in relation to the limit of elasticity 
(5/8 to 3/4) were permitted. 


Dead load. — The dead load has been 
calculated as follows : 


Track and flooring in armoured con- 


crete, conduits, ete. . 44 000 Ib. 
UCC OPK reer or, Akg Dehs 37 000 Ib. 
Total average dead load per foot of ————— 
bridge LS See eee 51 000 lb. 


The dead load actually varies from 
45 000 lb. at the centre to 62000 lb. at 
the ends. 


= 
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8.35 inches, the average dead load being 
51 000 Ib. per lineal foot. 

Under a live load of 12 000 Ib. per foot 
of truss covering one half span, the 
maximum deflection at about the quarter 


point is 5.19 inches or : of the span. 


The deflection for temperature varia- 
tions of + 72° F. from a mean tempera- 
ture of 60° F. is 0.74 inch per degree; 
the maximum being + 5.3 inches or 


of the span. 
2 250 


Steel. — High carbon steel of high 
elastic limit was used in the construc- 
tion of the arch trusses. The use of 
nickel steel was also considered, but it 
was found that in spite of the 50 % 


increase in permissible unit stresses 
there was no saving in cost. 

of high carbon. 
Phosphorus 0.04 to 0.06 
Sulphur 0.05 


66 000 to 76 000 lb. per square inch, 
38 000 lb. per square inch. 


Fig. 12. — Joint of bottom chord. 


Live load. — The floor and floor sus- 
penders were designed for Cooper’s E-60 
live load, partly consisting of 4 axles 
loaded to 60 000 Jb. at 5-foot centres on 
each of the four tracks, or an alternative 
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Fig. 13. — Details of floor 
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three axle load of 70 000 1b. on each axle 
at 7-foot centres wherever this causes 
higher stresses. 

The arch trusses were designed for a 
uniform load of.6000 lb. per foot of 
track or 24000 Jb. per foot of bridge. 
This method was justified in view of the 
highly improbable condition of maxi- 
mum engine and car loads in the most 
unfavourable position on all four tracks 
at the same time. This condition would 
have required additions up to about 5 % 
on the sections of some of the truss mem- 
bers. 


Impact. — The increases due to impact 
were calculated by Lindenthal’s formula, 
applied to E-60 loading : 


a 

: L2 1200 + 2 

Spee a X G00 + 4a 
D = stress from dead load in pounds; 
L = stress from live load in pounds; 
a = length of train behind tender for 

position of maximum stress in feet; 

nm = number of tracks loaded for 


maximum stress. 


The coefficient n is explained by the 
fact that the locomotives may give full 
impact on each track, whereas the trucks 
affect one track only. 

The author considers this formula can 
be used for all spans and all ittypes of 
flooring. The usual American formula 
gives excessive results for long struc- 
tures and insufficient values for short 
structures especially in the stringers. 


Lateral force for live load. — For the 
first time in an American specification 
the lateral force due to moving trains 
has been separated from the lateral force 
due to wind. None the less the action 
of centrifugal force has been included 
in the same figures. On tangents or 
curves up to 2° the force has been as- 
sumed at 600 lb. per lineal foot of single 
track, 


For curves sharper than 2°, 300 Ib. 
was added for each degree up to 6°. 

These forces were increased 50 % for 
each additional track. 

For a four track structure on the 
straight the lateral force to be allowed 
for is 1500 lb. per foot. 

These forces are considered to be 
higher than those actually met with in 
practice. 

According to the American Railway 
Engineers Association 1914 specifica- 
tions, the total combined force due to 
the moving train and wind pressure is 
only 800 1b. in such a case. 


Wind. — The transverse stress due to 
wind was assumed to be equal tto a 
moving load of 500 lb. per lineal foot of 
bridge at track level, plus a static load 
of 30 lb. per square foot on all such ver- 
tical surfaces of the unloaded bridge as 
are exposed at an angle between 20° 
above and 20° below the horizontal or 
at an angle of 45° from the axis of the 
bridge. 

The resulting loads for the Hell Gate 
bridge were : 

600 Ib. per lineal foot of horizontal 
projection of the top chord; 

1000 lb. per lineal foot of horizontal 


projection of the bottom chord; 


1500 lb. per lineal foot of floor (inelu- 
sive of the 500 lb. moving wind pres- 
sure); 

Or a total of 3100 lb. per lineal foot 
of the bridge. 


Adding to this the lateral force of 
1500 lb. due ito the train and centrifugal 
force reactions, the total transversal force 
is 4 600 lb. per lineal foot of bridge. 


Longitudinal forces from traction and 
braking.— These longitudinal forces have 
been assumed at 15000 lb. for each of 
the eight driving axles of tthe two loco- 
motives (25 % of the load on each driv- 
ing axle), or at 1000 Ib. per lineal foot 
of train (approximately 15 % of the 
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average weight of the train), whichever 
gave the greater result being used in the 
calculations. 

This force has been assumed as acting 


on two tracks only owing to the im- 
practicability of its acting in the same 
direction at the same time on the four 
tracks. 


Fig. 44. — Assembling of arch bearing. 


The general use of air brakes has led 
to doubts as to whether these forces 
were the greatest to be expected in ser- 
vice. It has been suggested that a 
- coefficient of impact might even be 
desirable. In practice the application 
of the brakes is sufficiently slow to take 
place without any longitudinal shock. 

The friction between wheels and rails 
varies from 15 tot 30 % of the vertical 
load on the wheels, but the coefficients 
used are sufficiently large seeing that 
the brakes on two trains are not likely 
to be applied at the same time. 
The 


Variation in temperature. — 
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stresses from temperature have been 
determined for a variation of + 72° F. 
from the normal temperature of 60° F. 
The temperature stresses are greatest on 
the centre panels of the top chord of the 
arch trusses where they attain values of 
4000 lb. per square inch or about 40 % 
of the live load stresses. 


Total stress. — The total stress is 
obtained by adding : 


D = stress due to dead load; 

L = stress due to live load; 

I = Impact. 

Lat = Lateral force and Exc 
so called « excess stress >. 


= the 


SO hte 


Eley. + 522.59 


Long Island 
476-1562 


gram of erection. 
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This « excess stress > is the sum of the 
stresses from wind pressure (W), brak- 
ing force (B), and temperature (I) less 
20 % of the sum (D + L + 1 + Lat). 
This is equivalent to allowing up to 
25 % higher unit stress for the sum 
(D+L+4+1+4 Lat+ W+B+T). 
For members carrying no dead and live 
load the total stress was made equal to 
(W+ B+ T + Lat.). 


Permissible unit stresses assumed in pounds 
per square inch : 


Bearing stress : 


Shop rivets ... 
Field rivets... . 


oat Wa * eg iee wely (eles cre 


Pressure on : 
Expansion rollers per lineal inch — diameter in 
inches X 1 000. 
Granite masonry. 2.0. eye snsene 
GOnerelet (of io jac, San. 5 eee 


The unit stresses in axial tension or 
compression should be calculated with 
rivet holes deducted. In compression 
this assumption is unusual as the rivet 


Axialytension”. << <-«.01. 5. eee 24 000 is generally supposed to fill the hole 
Axial compression : perfectly. In practice this is not always 
Bae: 20 . 24.000 the case, especially when the rivet is 
; : r long. In a large-structure such as this 
a) Closed section with ee Ba - - 
diaphragms: >... eee one it is more provident to exclude 
“ = 120 {5000 et 
SS: heer ea oa Secondary stresses. — Care was taken | 
l a when getting out the design to avoid 
—= 20 22 000 : 
Pai RN secondary stresses of high value; when 
g ee re necessary to take care of them the size 
: L _ 490 120090 Of sections was increased. In the Hell 
Gate Bridge the maximum secondary 
Shearing stresses : stresses which occur  slmultaneously— 
SHop'rivets "eae were ete ee eee 145000 with the maximum primary stresses are 
Wiald Rivets See. martisbar see phic: 12000 as follows in pounds per square inch : 
Deed toa [abe Wad. Combined dead 
and live load. 
Bottomchords o.- wigs eee ee + 1300 + 14300 + 2100 
Top chord ecste ds eee ee eee + 2100 +.3 100 + 5 200 
— 2500 a — 5600 
Diagonalss- venenatis + 5000 -++ 2800 + 6300 
Verticals 8". oc) eee eee + 2200 + 4400 + 4800 
These, being extreme fibre stresses, Erection stresses. —- The _ greatest 


can safely be assumed to be covered by 
the margin of safety of the primary 
stresses, especially as they occur at 
points of considerable excess. section. 
made 
during and after erection gave lower 


values than those calculated. 


Moreover, stress measurements 


stresses during erection were + 18 600 
and — 16600 Ib. per -square inch 


I 
(- = 46] in the arch trusses and 
= 


+ 20400 and — 19700 with a wind of 
30 lb. per square foot of surface exposed. 
The erection stresses were all less than 
the total stresses except in the last panel 
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Fig. 16. — Details of adj 


of the top chord, but the section being 
greater than the minimum section re- 
quired, this did not matter. 


Erection. — The main trusses were 
erected on the cantilever principle from 
the abutments. 

Figure 15 shews this method quite 
clearly. The temporary anchorages 
were obtained by the temporary use of 
parts of the permanent bridge ap- 
proaches. 

Particular attention should be given 
to the method of converting the trusses 
from ‘three hinged into two hinged 
arches. (Fig. 16.) 

During the temporary position the 
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ustment of center top chord. 


centre of the top chord and one of the 
diagonals of the centre panel of each 
truss were bolted together at one end, 
but left free to move at the other. 

The connection of the free ends (ri- 
veting up) had to be made at the nor- 
mal temperature (60° F.). 

The preparatory work took several 
days so that constant temperature could 
not be expected. To prevent movement 
after drilling had been started, the 
Bridge Company resorted to an inge- 
nious device. 

A rod 8 inches in diameter and 16 feet 
long of sufficient strength to resist any 
possible tension or compression from 
changes of temperature was introduced 


er Ose or 


into each top chord, and secured with 
double nuts to a diaphragm riveted to 
the chord. 

On a favourable day of normal tem- 
perature the nuts were tightened up and 


the rest of the work was done as 
planned. 

The centre arch of the Hell Gate 
Bridge is completed by viaduct ap- 
proaches of ordinary type which will 
not be described. 


Experimental determination of the stresses 
in the Hell Gate Arch Bridge by direct measurement. 


The magnitude of the structure and 
its interesting constructional features 
suggested the desirability of measuring 
the stresses during and after erection. 
The Hell Gate arch bridge is the largest 
bridge so far subjected to experimental 
investigation of this kind. 

The instrument used for the stress 
measurements was a 20-inch strain 
gauge designed by Mr. James E. Howard. 

The lower chords being the most in- 
teresting, the observations were chiefly 
made on them. Figure 17 indicates the 
location of the gauge points. The large 
dimensions of the chord sections per- 
mitted all the observations to be taken 
from the inside and facilitated the 
work. 

The observations were taken in ac- 
cordance with the following  pro- 
gramme : 


1. Comparison of the measured aver- - 


age stress at the two ends of each mem- 
ber as an index of the precision of. the 
method; 

2. Comparison of measured with cal- 
culated primary stresses; 

3. Comparison of extreme secondary 
stresses with primary stresses in order 
to establish empirical relations between 
the two; . 

4, Comparison of calculated with 
measured secondary stresses in order to 
ascertain the effects of special methods 


of fabrication and erection on these 
stresses; 

5. Comparison of calculated with 
measured extreme fibre stresses in order 
to determine the resultant effect of all 
variations in primary and _ secondary 
stresses. 


Comparison of measured and calculated 
stresses. 


The ‘average discrepancy between cal- 
culated and measured stress = 5 % of 
the stress + 200 lb. per square inch. 
The maximum difference equals 5 % 
+ 1000 lb. per square inch. 

The formule for these differences 
contain both a variable factor depend- 
ing on the stress and an absolute term, 
independent thereof and represent the 
resultant of two groups of errors. 

The absolute term (average 200, maxi- 
mum 1000 lb. per square inch) repre- 
sents the inaccuracy of the measure- 
ments or the total effect of personal, 
instrumental and physical errors. 

The most important of the physical 
errors are those due to thermal effects. 
A variation of 1° F. produces an error 
of 195 lb. per square inch in the result- 
ing stress. There may be a difference 
in temperature between the inside and 
the outside of a large box girder of 
which one side only is exposed to the 
sun. The variable factor depending on 
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the stress can be ascribed to several 
causes. 

Firstly, the variation of the modulus 
of elasticity from the assumed value of 
30000000 Ib. The variation may be 
+3 %. 


10'414b. tob. Ls at O. End 
6'8%"b. to b. Ls at Center 


| 4414’ b. to b. Ls 
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Fig. 17. — Stress measurements. 
Location of gauge points. 


In the assumed loads there is a pro- 
bable error of + 3 % and in the cross 
sections of + 2 %. 

The greater part of the discrepancy 
of 5 % is due to errors in the calcula- 
tions and shews the futility of excessive 
refinement in the calculation of stresses. 


Comparison of extreme secondary 
stresses with primary stresses, 


For primary stresses in the ranges 
0-1 000, 1000-2000, 2000-3000, 3000- 
5 000, 5 000-7 000 and 7 000-8 000 lb. per 
square inch the percentages of extreme 
secondary stress averaged 268, 148, 71, 
59, 37, and 32 respectively. This illus- 


trates the diminishing relative impor- 
tance of secondary stresses with increas- 
ing primary stress. 

From the observed results can be de- 
duced that the extreme secondary stress 
in a member = 12 % of the primary 
force + K, where K varies from 600 to 
2600 with an average value of 1 600 Ib. 
per square inch. 

The constant is due to the bending 
of a member due to its own weight, 
wind, temperature, etc. The propor- 
tional component represents the stress 
resulting from the primary strains. 

Taking into account the conclusion of 
the preceding paragraph on the diffe- 
rence of 5 % + 1000 between the ob- 
served and calculated stresses and the 
maximum value 12 % + 2600 of the 
secondary stresses, the margin of safety 
between the elastic limit of the metal 
and the working stress can be arrived at. 

Owing to the special way in which 
the resulting forces were directed in the 
lower chord of the Hell Gate Bridge, the 
secondary stresses were reduced and it 
would be better to take for these last 
instead of 12 % of the primary stress, 
20 % for most other bridges. Hence, 
about 25 % + 4000 should be deducted 
from the minimum elastic limit to get 
the safe working stress. 


Comparison between catculated 
and measured secondary stresses. 


The average value of calculated secon- 
dary stresses for all the bottom chord 
members and all erection stages is 
1050 Ib. per square inch. The average 
of all measured secondary stresses was 
only 700 lb. per square inch. 

The highest calculated secondary 
stress in any stage was 2920 and the 
corresponding measured stress was 
1990 lb. per square inch. If the 
secondary stresses are grouped in ranges 
of percentages, the following compari- 
son is obtained. 


In the ranges : 
0-20 Jo 20-40°/5 40-100 %e 100-300 °/o 
and more than 300 °/o 
the average calculated secondary stresses 
were ; 

6%o 30 Jo 
and the corresponding average measur- 
ed values : 

26 Jo 28 0, 


69°], 143°/o and 473°], 


46°, 932g and 110 °/». 


It will be noted that the difference 
becomes most important with high 
secondary stresses. 


Comparison of calculated with measured 
extreme fibre stresses. 


The following table gives the results 
obtained in the lower arch chord mem- 
bers : 


02 | 


42 160 
11 300 


Caleulated 


Measured . 


SSN ener 
12 060 
11 650 


12-14 | 16-18 | 20-22 


4.6 | 8-10 


Lb. per square inch. 


12 370 
41 950 


13 270 
13 300 


11 950 
11 800 


11 770, 
11 450 


The remarkable agreement between 
the calculated and measured extreme 
fibre stresses is principally due to the 
resultants being properly centred 
through the three faced joints. In an 
ordinary bridge the measured stresses 
would have exceeded the calculated 
stresses. 


Summary of Conclusions. 


1. — The Howard gauge is well 
adapted for the measurement of stresses. 


2. — The comparison between the 
calculated and measured primary stres- 
ses including errors of observation 
shew a difference less than 5 %. They 
are chiefly due to differences in the 
loads causing the stresses and the diffe- 
rences between the actual and calculated 
transverse surfaces. They shew that it 
is unnecessary to carry the calculations 
too far. 


4, — Taking into account the results 
of observation, maximum difference 
between calculated and measured 
stresses : 


5 % + 1000, 


maximum difference between extreme 
fibre stresses : 


12 % + 2600, 


and allowing for the fact that the three 
faced joints in the lower member tend 
to reduce the secondary stresses, it 
appears that about 25 % + 4000 lb. per 
square inch should be deducted from 
the minimum elastic limit to get the safe 
working stress under average condi- 
tions. 


5. — During erection the secondary 
stresses — restricted to bending in the 
plane of the truss — reached a value 
of 1050 Ib. per square inch calculated 
and only 700 lb, measured. The maxi- 
mum calculated secondary stress was 
2920 lb. per square inch and the mea- 
sured value only 1990 Ib. 

Actually the measured secondary 
stresses were almost always less than 
those calculated. In the case of the 
highest values the measured stresses 
often represented only a small fraction 
of those calculated. 

It is believed that similar results would 
be found in other structures. The 
actual secondary stresses will generally 
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be lower than the calculated values. 
There is an automatic re-adjustment of 
strains to reduce them. 


7. — The measured stresses have 
shewn the efficient way the three faced 
joints of the lower member reduce the 
extreme fibre stresses. 


10. — The stresses in the extreme 
fibre representing the maximum com- 
bined effect of primary and secondary 
stresses shewed a remarkable agreement 
with the calculated values, the complete 


structure working under normal condi- 


tions.’ 


As we mentioned above the details in 
the construction of the Hell Gate Arch 
Bridge are taken from the paper read 
by Mr. 0. H. Ammann, M. Am. Soc. C. E. 
before the American Society of Civil 
Engineers, and published in volume 
XLITI, No. 8, Oct. 1917 of their Proceed- 
ings. The information on the compari- 
son between the calculated and measured 
stresses is taken from the paper by Mr. D. 
B. Steinmann Ass. M. Am. Soc. C. E. 
published in the same number of the 
Proceedings of the Society. 
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Union Pacific Railroad builds largest non-articulated engine. 


Figs 1 to 9, pp. 34 to 39, 


(From the Ruilway Review and the Railway Mechanical Engineer.) 


The largest and most powerful non- 
articulated locomotive constructed thus 
far — a simple engine capable of haul- 
ing Mallet locomotive tonnage over heavy 
mountain grades at high speeds — was 
delivered to the Union Pacific Railroad 
recently by the American Locomotive 
Company. It also has the distinction of 
being of an entirely new type, in that 
it has three simple cylinders and the 
4-12-2 wheel arrangement, in addition 
to many other novel features of construc- 
tion. This is probably the first success- 
ful attempt to use twelve coupled driv- 
ers on a locomotive. Moreover, the en- 
gine has also the first cast steel cylin- 
ders ever applied to a three cylinder 
engine. 

The engine has a firebox 108 1/4 
inches wide by 184 1/2 inches in length. 
The grate surface is 108 1/4 inches by 
144 inches, having an area of 108.25 
square feet, and the combined heating 
surface of the firebox, arch tubes and 
combustion chamber is 591 square feet, 
which is undoubtedly the largest ever 
used on a simple locomotive. In fact 
the entire design is novel in many res- 
pects. Furthermore, the engine is cap- 
able of developing a tractive force of 
96 650 pounds and the factor of adhesion 
is 3.67. For the foregoing reasons, and 
because it is the first engine of its type, 
the Union Pacific has designated the 
engine as the Union Pacific type. 

So far the engine represents the most 
outstanding development in motive pow- 
er construction for many years. Many 


factors entered into the selection of a 
locomotive of this type for heavy fast 
freight service; the principal considera- 
tion being that the Union Pacific desir- 
ed to improve operating conditions by 
the use of locomotives capable of haul- 
ing heavier trains at higher speeds with 
lower rates of fuel and water consump- 
tion. This road had two principal types 
of engines for use in heavy fast freight 
Service. One of these was the 2-10-2 type 
two cylinder locomotive, having a trac- 
tive power of 70450 pounds, and the 
other was the Mallet compound engine, 
of the 2-8-8-2 type. The 2-10-2 type 
locomotives having a traction of 103 000 
pounds (running compound) have been 
the principal source of motive power 
for fast freight service since 1917, and 
the Mallet engines were used almost en- 
tirely on the mountain maximum grade 
districts. However, during periods of 
light traffic, when tthese engines were 
no longer urgently needed on the moun- 
tain divisions, they were transferred to 
road service between Green River and 
Laramie, Wyo., where the maximum 
grades are 0.8 %. But, due to the fact 
that the Mallet locomotive is an inhe- 
rently low speed machine, they could 
not be operated in this territory during 
busy periods, as they would block the 
road. Hence, it was considered advis- 
able to construct a locomotive having 
the speed characteristics of the 2-10-2 
type engines, combined with the greater 
pulling power of the Mallet locomotives. 

As a result of these conclusions preli- 


LE len 


minary investigations were started with 
a view to designing and building such 
an engine. About a year ago, due to 
success of the three cylinder engine on 
other roads, the Union Pacific decided 
to purchase a three cylinder locomotive 
for demonstration and comparison with 
their 2-10-2 type engines. 

This locomotive was constructed as 
nearly identical with the 2-10-2 type 
engines as the application of the three 
cylinder principle would permit. It had 
the same weight on drivers as the 2-10-2 
type engines; the driving wheel diame- 
ters were the same, and the proportions 
of boilers, fireboxes, grate areas, etc., 
were as nearly alike as it was possible 
to make them. 

Comparative tests conducted between 
the 2-10-2 type two cylinder engine and 
the 4-10-2 three cylinder locomotives in- 
dicated that the three cylinder engine 
was capable of hauling 20 % more ton- 
nage in regular service consuming 16 % 
less fuel for each thousand gross ton- 
-miles. 

As a result of these performances the 
Union Pacific conceived the idea of a 
locomotive designed for fast freight ser- 
vice which would be capable of hauling 
the same tonnage as the Mallet engines, 
but at speeds as high-as those attained 
by the 2-10-2 type engines. In other 
words it was considered desirable to 
construct an engine capable of an in- 
crease in permissible speed of from 
twenty to fifty miles an hour, and an 
increase in average speed over a locomo- 
tive division of from twelve to better 
than twenty miles an hour. 

Because of the high tractive power re- 
quired it was only natural that the pos- 
sibilities of the articulated type loco- 
motive should be considered first. How- 
ever, in making the preliminary studies 
of the design of such an engine as was 
desired it was found that the construc- 
tion of the articulated type required 
a relatively heavy running gear, includ- 
ing two sets of cylinders, pistons, 


valves, rods, etc., making it almost 
impossible to provide a boiler of suf- 
ficient steam capacity to maintain high 
tractive power at high speeds, with- 
out excecding the limitations of driving 
wheel weights. 

After further investigation it was de- 
cided that the most feasible solution to 
the problem was offered by the three 
cylinder locomotive; possibly of the 
4-10-2 type. But, in considering this 
design, the amount of power required, 
coupled with the permissible weight 
limit of 59 000 pounds for each driving 
axle, made necessary the use of six pairs 
of coupled drivers. Such an arrange- 
ment was thought impractical with the 
two cylinder engine, having the main 
rods connected to a single driving axle. 
But, as the three cylinder engine, trans- 
mitting its power through two main driv- 
ing axles, in combination with smaller 
cylinders, distributes the stresses more 
equally over the whole frame structure . 
this type of construction was decided 
upon. It was found also that this feature 
of better power distribution, combined 
with lower dynamic effects, made pos-’ 
sible the use of twelve coupled driving 
wheels, resulting in a design capable of 
comparatively higher speeds, and _ in- 
creased tractive power. Still another 
consideration was that with the three 
cylinder 4-12-2 arrangement the final 
stresses would be somewhat less than 
with the 2-10-2 type with outside cyl- 
inders of larger dimensions. 

The problem of arranging such a long 
wheel base to permit of the operation 
of the engine on sixteen degree curves 
was solved by the installation of lateral 
motion devices on both the front and 
rear driving wheels, and by the use of 
a four wheel leading truck and a two 
wheel trailing truck, both of the greatest 
flexibility. The engine was built with 
flanged driving tires on all wheels, ex- 
cept the fourth pair, but it has been 
determined, based on actual operation, 
that future locomotives of this type are 
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to be fitted with flanged tires on all 
drivers. 

Another problem of considerable ma- 
gnitude was that of providing a boiler 
of sufficient capacity to accommodate 
cylinder requirements. Limited in 
weight to 59 000 pounds on each driving 
axle it was desired to provide a boiler 
of maximum capacity and yet keep the 
total weight of the engine as low as pos- 
sible. The first consideration was to 
obtain a firebox to burn semi-bituminous 
coal. To do this it was necessary to pro- 
vide firebox volume combined with 
length of flameway and depth. Both 
flameway and volume were secured by 
a combination of Gaines wall and internal 
combustion chamber. On many other 
types of engines using the Gaines wall 
there was not sufficient depth from the 
crown sheet to the top of the grates, but 
a satisfactory depth was obtained in this 


case by arranging the rear drivers in* 


such a manner that they protrude into 
the firebox space, between the throat 
sheet and the front of the Gaines wall. 
Another consideration in connection 
with the construction of the boiler for 
this engine was that of using tubes of the 
same length as were standard jn tthe 
boilers of other Union Pacific engines, 
which are 22 feet and which had been 
found to be of about the longest effective 
length. While seemingly this gave a 
rather short tube length for a boiler of 
this size, the long distance from the front 
tube sheet to the center of the cylinders 
should improve draft conditions, by a 
more equal distribution of the draft on 
the upper and lower flues. 

This engine has a boiler of the extend- 
ed wagon top type, 90 inches inside dia- 
meter at the first course, and 105 inches 
outside diameter at the third course. 


It has a total evaporative surface of 


5 853 square feet and a superheating sur- 
face of 2560 square feet. Additional 
boiler capacity was obtained by the use 
of the type E superheater and a Worth- 
ington feed water heater of 10 000 gallon 


capacity. Other interesting boiler pro- 
portions are shown in the following 
table of ratios : 


Grate area to cylinder volume. . . . . 3.44 
Furnace volume to grate area... . . 8.80 
Heating surface to cylinder volume. . 267.00 
Heating surface to grate area... . . 77.70 
Total weight to heating surface... . 58.80 
Firebox heating surface to total heat- 

ing Surldce’. &o re nese ee 0.063" 
Total heating surface to tube heating 

surface ic, 2 eee ee 4-74 
Total heating surface to superheating 

SUTIACEG 65 uae ee oa 2.28 


As has been stated previously the cyl- 
inders are of cast steel. The two outside 
cylinders are 27 inches in diameter with 
a stroke of 32 inches and the inside 
cylinder has a diameter of 27 inches 
with a stroke of 31 inches. The steam 
pipe inlet on the right side, which sup- 
plies steam to both the right and the 
inside cylinder, is arranged so as to 
deflect any water in the steam into the 
right cylinder, from which it can be 
drained more easily. The piston valve 
is of the single ported type having eight 
rings, double the number used ordinar- 
ily, which is standard practice on the 
Union Pacific. 

The valves are operated by Walschaerts 
valve gear. They have a maximum travel 
of 7 inches, an outside lap of 1 1/4 
inches, an exhaust clearance of 1/16 inch 
and a lead in full gear of 3/16 inch. 
The valve of the inside cylinder is oper- 
ated by a modified form of Gresley valve 
motion using transverse levers which has 
been adopted by the American Locomo- 
tive Company as standard on three cyl- 
inder engines. 

All of the piston rods, valve motion, 
driving rods, axles and crank pins are 
of carbon vanadium steel. The driving 
boxes are of cast steel fitted with Fran- 
klin adjustable wedges. On the main 
and crank axle driving boxes supple- 
mental bearings are used. These bear- 
ings extend well below the center line 
of the axle for the purpose of reducing 
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wear on the journals. When this type 
of driving box is employed on the crank 
axle the grease lubricant must be applied 
from the bottom. For this reason the 
cellars are fitted with drop bottoms and 
the pedestal crossties or binders are 
arched down in the center to allow of 
easy renewal of the grease cakes. These 
cellars also form spreaders in the driv- 
ing boxes to prevent the sides from 
closing. 

Another novel feature of this engine is 
the engine truck. It is of such construc- 
tion as to eliminate practically all bolted 
fastenings. The frame is made up of 
three principal castings; two journal box 
castings and a frame, each of simple 
construction. The ‘truck is equalized 
perfectly without the use of the ordinary 
types of equalizers; the usual pedestal 


wearing surfaces are eliminated; the 
journal box castings provide hinged 
lids at the outside of each journal 


as an aid in Jubricating the bearings 
without removing the cellars, and the 
construction permits of the use of very 
long flexible easy riding springs. Fur- 
thermore, the use of racks and geared 
rollers makes the truck of the constant 
resistance type. The journal bearings 
rest on adjustable wedges similar to 
those used on tender trucks, thus insur- 
ing a perfectly aligned journal bearing 
pressure over the-entire surface. This en- 
gine truck has 7 1/2-inch by 13-inch 
journals and 30-inch diameter Edgewater 
rolled steel wheels. 

The engine truck is also fitted with 
hub liners of novel design. These are 
made in two halves, each half sliding 
down from the top into inwardly sloping 
dovetailed grooves; so that when in 
place one bolt serves to hold them secu- 
rely in position. By removing tthis bolt 
the two halves of the hub liners may be 
removed, rebabbitted to the required 
thickness and reapplied without dis- 
mantling or removing the truck from the 
engine, or without disturbing any part 
of the locomotive. Oil cavities are cast 


in the top half of each liner for lubricat- 


ing the hub surfaces. These liners have 
been used on engine trucks for a period 
of two years. Their construction ‘is 
such as to provide for quick renewals 
for repairs, thus reducing the standby 
losses in adjusting lateral. 

The driving wheels are 67 inches in 
diameter. A 63-inch wheel is generally 
considered standard on heavy engines 
for freight service, but in this particular 
case it was found that a satisfactory 
crank axle design required the use of a 
67-inch wheel, which in turn improved 
the whole design for the work intended. 


The trailing truck is of the Common- 
wealth Steel Company Delta type having 
9-inch by 14-inch journals and 45-inch 
diameter wheels. 


The lateral motion devices applied to 
the front and back drivers are adjustable 
to suit speed and curvature require- 
ments, ‘the resistance increasing with the 
amount of lateral displacement. The de- 
vice imposes no excess load on the driv- 
ing springs, and uses an ordinary class C 
car spring. The rollers bearing against 
the inner surfaces of the driving boxes 
are free when the boxes are in normal 
position in the frame, and are therefore 
easy to replace. 

The total overall length of the engine 
and tender, over the couplers, is 102 ft. 
6 5/8 in. Its maximum height is 16 ft. 
1 1/2 in., over the dome and the extreme 
width is 11 ft. 2 in. over running boards. 
The total combined weight of the en- 
gine and tender in operating condition 
is 782 000 pounds. This is so distributed 
that the tender weight is 287 000 pounds 
and that of the engine alone 495 000 
pounds. The weight of the engine is 
divided in such a manner that 80 000 
pounds is carried on the leading truck 
— 40000 pounds on each of the two 
axles — 60000 pounds on the trailing 
truck, and 355 000 pounds on the driving 
wheels. The driving wheel load is dis- 
tributed over the six coupled axles so 
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that each axle has an approximate aver- 
age load of slightly more than 59 000 
pounds, 

The engine has a total wheel base of 
52 ft. 4 in. and the driving wheel base 
is 30 ft. 8 in., of which 17 ft. 6 in. is 
rigid, the total wheel base of engine and 
tender being 91 ft.6 1/2 in. The tender 
is of the Vanderbilt type supported on 
six wheel trucks and a cast steel under- 
frame. It has a capacity for 15 000 gal- 
lons of water and 21 tons of coal. Other 
weights and dimensions are shown in 
the accompanying table. 


Type. 
Service . 
Fuel . 
Builder . 


Cylinders, three, diameter and stroke : 
Inside, one cylinder 
Outside, two cylinders 


Valves, piston, diameter. 
Maximum travel 
Lead in full gear . 
Steam lap. 
Exhaust clearance . 


Weights in working order : 
On leading truck 
On driving wheels. . .-. .« 
On trailing truck . 
Total engine. 
Tender Rc’ ae 
Total engine aud tender . 
Tractive power, estimated . 
Factor of adhesion 
Wheel bases : 
Driving . 
Rigid . 
Engine Be 
Engine and tender. 
Wheels, diameter ; 
Leading truck . 
Driving . 
Trailing . 


Among the appliances used on the en- 
gine, aside from those mentioned, are 
the Elvin stoker, New York air brakes 
and signal equipment, and New York air 


compressors. 


The latter are carried on 


the smoke box front, as the feed water 
heater pump occupies the usual space 
where the air pumps were carried for- 
merly on the left side of the boiler. 

Principal weights, dimensions and pro- 
portions of Union Pacific Railroad Over- 
land 4-10-2 type and Union Pacific 4-12-2 
type three cylinder locomotives num- 
bers 8000 and 9000 respectively : 


4-10-2 
Freight. 
Bituminous coal. 
American. 


25 inches by 28 inches. 
25 inches by 30 inches. 


44 inches. 
6 1/4 inches. 
3/16 inch. 
4 1/8 inches, 
0 inch. 


60 000 lb, 
288 500 Ib. 
56 500 lb. 
405 000 lb. 
242 100 lb. 
647 000 Ib. 


78 000 lb. 
3.7 


22 ft. 6 in. 
46 ft. 6 in. 
44 ft. 1 in. 
~ 82 ft. 5 in, 


30 inches, 
63 inches. 
45 inches. 


4-12-2 
Freight. 
Bituminous coal, 
American. 


27 inches by 34 inches. 
27 inches by 32 inches. 


44 inches. 
7 inches. 
3/16 inch. 
4 1/4 inches. 
1/46 inch, 


80 000 lb. 
355 000 Ib. 
60 000 lb. 
495 000 Ib. 
287 000 lb. 
782 000 Ib. 


96 650 lb. 
3.67 


30 ft. 8 in. 

47 ft. 6 in. 

52 ft. 4 in. 
94 ft. 6 4/2 in. 


20 inches. 
67 inches. 
45 inches. 


Journals, diameter and length : 
Leading truck . 
Driving, main . 
Driving, others. 
Trailing truck ©. 
Boilers : 
Type . eee 
Working pressure . 
Diameter first course. 
Firebox : 


Length 
Width. 
Grate area ‘ 
Combustion chamber dena 


Tubes : 


Number and diameter. 
Length 


Flues : 


Number and diameter. 
Length 


Spacing tubes and flues . 


Arch tubes, number and diameter. 


Heating surfaces : 


Firebox and combustion chamber . 


Tubes. 
Flues . 
Arch tubes . 
Total . 
Superheating 


Comb. evaporating aba Suoheoane” 


Tender : 
Type . 
Trucks 
Capacity, fuel 
Capacity, water. 
Wheels, diameter . 


Journals, diameter and eh 


a? | 


6 1/2 inches hy 12 inches. 
41 inches by 42 inches. 
10 inches by 12 inches. 

9 inches by 44 inches. 


Inverted wagon top. 
210 lb. 


86 1/4 inches. 


126 inches. 
96 inches. 
84 square feet. 
60 4/4 inches. 


250 — 2 4/4 inches. 
23 ft. 6 in. 


£0 — 54/2 inches. 
23 ft. 6 in. 
13/16 inch, 
4 — 3 inches. 


357 square feet. 
3447 — — 
1468 — — 

ts 
5524 — —. 
137 — — 
6896 — — 


Cylindrical. 
6-wheel. 
20 tons. 
42 000 gallons. 
33 inches. 
6 inches by 41 inches. 


7 4/2 inches by 13 inches. 
42 inches by 413 inches. 
10 inches by 43 inches. 

9 inches by 14 inches. 


Inverted wagon top. 


220 lb. 


90 inches. 


484 41/2 inches. 
108 4/4 inches. 
108.25 square feet. 
80 4/2 inches. 


40 — 3 4/2 inches. 
22 feet. 


222 — 3 1/2 inches. 
22 feet. 
44/46 inch. 
5 — 3 41/2 inches. 


529 square feet. 
803 -- — 
4459 — — 
62 — — 
583 — — 
2560 — — 
8413 = — 


Cylindrical. 
6-wheel. 
21 tons. 
45 000 gallons. 
33 inches. 
6 inches by 11 inches. 
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Four aspect colour light signals and the phenomena connected 
with colour light signals, “) 


By W. J. THORROWGOOD, 


SIGNAL AND TELEGRAPH SUPEXINTENDENT, SOUTHERN RAILWAY (GREAT BRITAIN) 


Figs, 1 to 4, pp. 44 to 49, 


With the view of simplifying the sig- 
nals as far as the drivers and motormen 
are concerned, and to add to the effi- 
ciency of the signals as regards the 
greater capacity of the running lines, the 
Institution has taken a great interest in 
the four aspect colour light system of 
signalling, and as you are aware, ap- 
pointed a Committee whose report has 
been circulated to all members. A sys- 
tem of four aspect colour light signals 
similar to that recommended by your 
Committee is about to be introduced on 
the Southern Railway. When such re- 
commendations are acted upon it is very 
generally found some modifications are 
required. There is nothing like practice 
to develop a system, or ito find that it 
does not meet requirements at all, and 
then the system is discarded. In this 
case of the four aspect colour signals, 
their use appears to meet the require- 
ments, ‘but the conditions met with in 
practice in running, calls for some 
alterations and additions. I propose to 
deal with these and to call your atten- 
tion to some of the phenoma of colour 
lights used in light signals and to repeat 
here some of the experiments I have 
made in meeting the conditions that 
practice demands. 

First, the four aspect colour light sys- 
tem of signalling uses three colours, 
green for « clear >», yellow for « cau- 
tion », and « warning >, and « red » for 


« stop >, so that in each case an ordinary 
person cannot be confused. 

The four aspects in the colour light 
system we are adopting are : 


Green.) sy. Clear. 
Double yellow. Warning. 
Single yellow . Caution. 
Red Stop. 


A green aspect will tell a driver going 
at any speed, say 70 miles per hour, that 
he has a clear road and that the next 
signal ahead at that moment is either a 
double yellow or a green, and he will be 
sure to find one of the two when he 
reaches it, except under emergency con- 
ditions, when of course any signal may 
be exhibited. 

A driver passing a double yellow as- 
pect receives a warning that he has full 
braking distance and that the next sig- 
nal ahead is at that moment in the « cau- 
tion » condition, i. e., exhibiting a single 
yellow aspect; under such conditions 
the driver will take steps to get his train 
under control. 

The single yellow aspect cautions the 
driver that at that moment the next sig- 
nal ahead is in the « stop » condition 
and he must be prepared to stop at that 
signal. 

It is so that the signal aspect exhibited 
at any one time depends upon the con- 
dition of the road ahead so that although 
an aspect may be red _ representing 


(!) Paper read before the Institution of Railway Signal Engineers, on 10 March 4926. 
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« stop >» at the time, a driver passes a 
single yellow, when he arrives at the 
signal aspect ahead it may have changed 
to single yellow, double yellow, or even 
green owing to the conditions of the 
road ahead having altered. This is the 
case with any system of signals, in fact 
the signals ahead of a train may be said 
to always be in a state of flux, depend- 
ing upon the state of the road ahead. 

But on the other hand a driver always 
comes to a double yellow and a single 
yellow before he reaches a red or « stop » 
aspect. He may of course pass several 
double yellow or single yellow aspects 
in succession, but in any case before he 
arrives at an aspect exhibiting red or 
« stop » he will have passed a double 
vellow and a single yellow aspect. 

In effect the double yellow aspect is 
the signal for « warning » the driver 
going at 70 miles per hour and the single 
yellow aspect for the driver or motor- 
man travelling about 30 to 40 miles per 
hour. 

Fhe system is designed and I think 
will allow of the trains being run at the 
maximum speed allowable under the 
conditions applying on tthe lines where 
the system is introduced and thus the 
lines are filled to their maximum capa- 
city. 

One of the problems ithat arises is 
how to deal with junctions and diverg- 
ing lines. For myself, I strongly advo- 
cate one four aspect colour light signal 
and a route indicator in every case. 
It is simpler and if adopted would be 
uniform and the number of lights exhi- 
bited less, which all tends to economy 
and in my opinion, efficiency. But the 
objection raised is thatthe driver cannot 
see the route indicator so clearly as he 
can ithe coloured aspect itself, or in 
- other words, he can see the coloured 
aspect further away than he can see and 
read the route indicator; that may be 
so, but it would appear that so long as 
a driver can see the route set up for 
him to run over for say 150 to 200 yards 
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before he reaches the junction, that 
should be sufficient. However, ito meet 
the drivers’ objections it has been ar- 
ranged that at slow speed diverging 
junctions such as the starting signal 
from a platform, or at a home signal for 
entering a station, where there are two 
or more diverging routes, one four as- 
pect colour light signal and a route indi- 
cator shall be used. In the cases of di- 
verging junctions where trains run at 
speed, a four aspect signal shall be pro- 
vided for each route. 

If one four aspect coloured signal and 
a route indicator is used, the driver is 
not called upon to pass a red light, but 
in the cases where two or more four 
aspect colour light signals are installed 
side by side, at a diverging junction, he 
of course has to pass one or more red 
lights which apply to the road he is tra- 
velling on, but they do not of course 
refer to the route over which.he is tra- 
velling, but in the multiplicity of aspects 
on the same post there is a possibility 
of a misunderstanding of the signal as- 
pects which is absent in the case of a 
single four aspect colour signal plus a 
route indicator. 

It is proposed to use a daylight route 
indicator, the brilliancy of the light 
from which will be equivalent to that 
of the running aspects with about six 
or seven-inch letters or figure as requir- 
ed on an eight-inch lens. The descrip- 
tion of the route indicator will be given 
in the second part of the paper. 

It has often been necessary in the past, 
owing to the curvature of the line or 
other reasons, to provide repeaters of 
the signals the driver may be approach- 
ing, and which he cannot see in time to 
act upon them, thus time will be lost in 
consequence, If the signal is <« on > the 
repeater as a matter of course shows 
« on » also, and the driver has to pass 
that « stop > or red light. 

It may ‘be said that the shape of the 
arm, or size of the light is different to 
the ordinary signal, but at night time the 
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Fig. 14. — Colour light signals. (Continued.) 


Shunting signals. 


oy 

@ pane ae 
ae >>2 inches diameter lenses. 
Waa 

Proceed. Normal indication. 


Ausiliary signals for foggy weather to be switched in by signalman. 


“a! f \ > Eas : . 

om) ) cA x GE 4 inches diameter 

~ ch ®) Y) lenses. 
Normal. All right — Proceed. Warning. Caution. 

(No color lights.) Be prepared to find Be prepared to find 
next signal at « Caution ». next signal at « Danger ». 
Cannon Street. Cannon Street. 
Down Starter from No. 8 platform. Down advance starter from No.7 platform. 


28 Gaoue ‘annon SI 


40 Geowr Cannon S™ 


27 GaovPe Craginc Gross 


Met. Junction. 


No.5 signal from Ewer St. 
No. 1] down branch home. 


These are to be cluster type. 


Ovaa- aaioce 


* 
® 


oe 


Fig. 2. — Special arrangement of signals at: Cannon Street, 
Charing Cross & Met. Junction owing to insufficient clearance. 


Bae, Tea 


driver has to pass a red light, which as 
I explained above, has been avoided as 
far as the running traffic is concerned, 
and the four aspect colour light system 
has been designed so that a red iight 
for the road ahead on all occasions shall 
be an absolute < stop > signal. In order 
to comply with ‘that stipulation a re- 
peater of a signal ahead cannot be used. 
This difficulty has been overcome by 
providing an auxiliary signal instead of 
a repeater in such cases as are in ques- 
tion, namely, where a driver cannot get 
a view of the signal he is approaching 
in time. It has been arranged tthat the 
auxiliary signal shall show three as- 
pects : green, double yellow and single 
yellow, and have a white light (St. 
George’s cross) brilliantly illuminated 
on a black background immediately 
above the colour light aspects as shown 
in figure 1. Normally tthe auxiliary sig- 
nal would show the white cross only 
to avoid any risk of the aspect, if it 
were provided, conflicting with the sig- 
nal behind. 

For instance, if a train were standing 
at a starting signal, which was in the 
« on » or red condition, the auxiliary 
signal would exhibit the St. George’s 
cross only. When the starting signal 
exhibited a single yellow and the train 
had passed the starting signal and the 
engine reached the first track circuit 
past the starting signal, in the case of a 
straight road, or the first common track 
circuit where there were a number of 
platform roads converging on to the main 
running road, the auxiliary signal would 
change to the St. George’s cross with 
a single yellow underneath, 

If the signal ahead was showing a 
single yellow the auxiliary would show 
double yellow. If double yellow or 
green was exhibited in the signal ahead 
the auxiliary signal would show green 
with the St. George’s cross above it. 

A train would however never approach 
an auxiliary signal in the normal con- 
dition as it would have been set to the 


correct aspect immediately tthe train 
passed the signal behind. It is however 
thought that the number of these auxi- 
liary signals required will be small 
owing to the fact that a driver will in 
all cases have at least two warnings or 
a warning and a caution, before arriving 
at a « stop > signal. 

It will be seen that the aspect of this 
auxiliary signal exhibited is in reality 
equivalent to the aspect that would be 
exhibited at the signal in the rear had 
the approaching train not been in the 
section. Take the case of a driver who 
has passed a single yellow aspect. He 
is running under instructions to be pre- 
pared to stop at the next signal, which 
is in the red or « stop >» condition. 
When he reaches the auxiliary signal, 
supposing ithe condition of the road 
ahead has not changed, then the aspect 
exhibited at the auxiliary signal will be 
single yellow with the white cross above, 
giving him the same instructions. Had 
the signal ahead changed from red to 
single yellow, then the auxiliary signal 
aspect would also change to double 
yellow with white cross above it. Had 
the signal ahead changed to double 
yellow or green then the auxiliary signal 
would exhibit a green light and in both 
cases the instruction is the same as with 
the ordinary running signal aspect. The 
lens upon which the brilliant white 
St. George’s cross is exhibited is 8 inches 
in diameter, but the colour light lenses 
are only 4 inches in diameter so as to 
make a further distinction between them 
and the running signals. 

It is hoped, almost anticipated from 
experiments that 1 have made and will 
describe later, that fog repeaters of the 
signal ahead will not be required, but 
in case they are wanted it has been ar- 
ranged ito use a three aspect colour auxi- 
liary signal with the letter « F » bril- 
liantly illuminated on a black back- 
ground instead of the St. George’s cross, 
These, if used, will be controlled by the 
signalman from the signal box. 
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Shunt signals will have lenses 2 inches 
in diameter and be two aspect light sig- 
nals, either red and green. The green 
will probably be a brilliantly illuminated 
green « S > on a black background, the 
letter «<S » being 1 3/4 inches on a 
2-inch lens. 

Generally, the aspects will be arranged 
in a vertical line, but in many places 
there is not sufficient head room to 
allow of this, and in such cases the four 
aspect lights have been arranged in the 
form of a cross in a cluster, the green 
being on the left-hand side, the red on 
the right and nearest to the driver, and 
the two yellow aspects, one on the top 
and the other at the bottom, so that they 
appear in the same vertical line and 
separated sufficiently to prevent them 
combining or running into each other 
at a distance. Thus the general form of 
the aspects is maintained as far as the 
driver is concerned. See figure 2. 

In some cases where signals have had 
to be placed under station roofs, there 
has not been sufficient headway to allow 
of the route indicator and coloured 
aspects to be in a vertical line; in those 
cases it has been arranged to place the 
route indicator or St. George’s cross on 
the left hand side of the coloured as- 
pects. See figures 2 and 4. 

Owing to the fact that the light given 
oul from the front of the lens of the 
colour light aspect signal lamps is in the 
form of a beam, it can only be seen, as 
T will show later, whilst the driver is in 
a straight line, or very nearly so, with 
the front of the lens, consequently if the 
lamp is fixed high up the post when he 
arrives within about 15 to 40 feet he 
cannot see the beam, in fact he is below 
the beam, but with light signals it is 
arranged that the lamps shall be as near 
to the driver’s line of sight as possible; 
41-ft. 6-in. above rail level is the height 
aimed at. The lamps have perforce to 
be placed to the left of the line at least 
4-ft. 6-in. from the running rail so that 
even then when he comes up to the 


signal post, as he is entitled to do, he is 
out of the main beam of light and could 
not see this main beam. To overcome 
this, a side light has to be provided 
{there are several ways of doing this). 
A sample of that to be used on the South- 
ern Railway is on the table, I will 
describe it later. 

The amount of light in a beam from 
a lens is a maximum when the source 
of light is in the focus of the lens. It 
therefore follows that for a lamp to be 
at maximum efficiency it should be-ar- 
ranged that the source of light is in the 
focus of the lens and any adjustment of 
the light beam for the purpose of direc- 
tional sighting should be done by adjust- 
ing the lamp as a whole. Although the 
main beam can be moved to another di- 
rection by shifting the source of light 
from the focus, it is only done at the 
expense of the efficiency of the lamp 
itself. 

The lamp should be as simple and as 
free from adjusting gadgets as possible. 
In a great many cases these focussing 
devices can only be used once, that is, 
when the lamp is first installed. In any 
case they can seldom be used after erec- 
tion, owing to the awkward conditions 
at the places where, often, they have to 
be fixed. Further, the apparatus to en- 
able very fine adjustments to be made 
is very expensive, and if you adjust the 
direction of the beam by altering the 
source of light from the focal point you 
have afterwards to close the door of the 
lamp and then you cannot be sure, after 
this is done, that you have not moved 
the lamp bodily and thus displaced the 
beam out of the direction you wish it to 
point. 

The posts on which the light aspects 
are erected should be rigid; if this is 
not done the beams of light will vibrate 
with wind pressure, or other causes, and 
a very small swing of the lamps them- 
selves will mean a big deflection at a 
distance of half a mile. For instance, 
if the lamp case were deflected one de- 
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gree then the beam at a position 800 yards 
away would be 15.8 yards from its 
normal position. This would be of im- 
portance especially at places where a 
group of signal aspects were exhibited. 

The signal aspects for the straight 
running lines present no difficulty as the 
aspects are in one vertical line, but at 
diverging junctions two separate sets of 
light signals are placed side by side ver- 
tically as seen in figure 3. The aspects 
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for the straight road are similarly ar- 
ranged to those on a single straight road, 
but when the route is set for the di- 
verging line, such as in the case of a 
crossover from say the up main through 
to up main local line, it is arranged that 
the driver shall pass a single yellow 
aspect in the signal next before the junc- 
tion signal and that the junction signal 
shall remain at « on » or red, irrespec- 
tive of the state of the road ahead, until 
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Signals 1 and 2, 5 ft. 0 in. from top of ramp. 
° Signals 3 and 4, 10 ft. Olin. from top «f ramp. 


Fig. 5. — Cannon Street platforms 4-2 and 5-4 starting signals. 


the driver has passed the single yellow 
aspect; as it is thought that although the 
driver should receive a caution signal 
on approaching the junction and pass a 
single yellow aspect, a green, double 
yellow or single yellow aspect should 
not be exhibited in the junction signal 
at the same time,.as it is undesirable that 
a driver should be given a single yellow 


aspect as a « caution » on account of 
the crossing he is approaching and at 
the same time see a green, single or 
double yellow showing the road ahead 
of the junction is < clear », it would not 
be in conformity with the sequence 
adopted with the four aspect colour sig- 
nal scheme. This modification should 
not, provided the junctions are not nu- 
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merous, delay traffic unduly, but at ter- 
minal stations and other similar places 
it is considered that the speed of trains 
is slow and the principle of this modi- 
fication is not-applied within the sta- 
tion limits. 


Intermediate platform signals-Holborn. 
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Fig. 4. — Special arrangement of signals 
at Holborn & Ludgate Hill — owing to 
insufticient clearance. 


It is so that the shapes of all lenses 
are designed on the understanding that 


the light will be placed at the focus of 
the lens, but the focus of a lens is a 
point and it is impossible to get an elec- 
tric incandescent lamp in which tthe 
source of light is at a point, although in 
many such lamps there is a concentra- 
tion of many candle power ina very small 
area, but still it is not a point, conse- 
quently the rays of light in the beam are 
not parallel and you get a spread of tthe 
light; this is very important when you 
want to exhibit brilliantly illuminated 
figures or letters. 

The efficient life of the lamps is of 
great importance, as to a large degree 


_ the cost of maintenance depends upon 


it. This of course depends upon the 
quality of the lamps, the position of the 
filaments when burning, whether they 
are placed in the sockets with the fila- 
ments lying horizontal, upwards ver- 
tical, or downwards vertical. If the fila- 
ment, which is often made up of two 
parts in the form of an inverted V, is 
arranged with the apex pointing up- 
wards, the two sides are apt to sag, and 
the two sides then touch each other at 
some point just below the apex, with the 
consequence that a part of the filament 
is short circuited the current increases 
to a dangerous amount and the lamp 
burns out, whereas, had the filament been 
arranged with the apex of the V down- 
wards this would not be so likely to 
happen. 

Lamps have been burnt for 1 700 hours 
before burning out, but it is of great im- 
portance that lamps should not burn out 
in practice as it is necessary that the 
light aspect should show continuously. 
In a normal « danger » signalling system 
the red aspect is exhibited very much 
longer than the. yellow or green aspects, 
consequently the lamp in the red aspect 
is likely to burn out more often than 
those of the other aspects. I have ar- 
ranged that after a lamp has burnt 
850 hours in the red aspect lamp, that 
the lamp shall be changed whether it 
has spent its useful life or not. But for 
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economy and efficiency I have arranged 
that these, what may be called partly 
spent lamps, shall be used in the other 
three aspects as required. This method, 
which may be modified if found neces- 
sary, appears to provide that an electric 
incandescent lamp will-never in practice 
actually burn out, so that the aspect will 
always be exhibited to the driver when 
wanted. 

In America, coloured glasses for the 
different colours in use, green, yellow, 
red, were standardised, but it was 
thought that, the manufacturers could 
not work absolutely to one shade. of 
yellow or green or red and a tolerance 
was agreed upon that the colour of the 
yellow glasses should be between what 
was called the dark yellow and tthe light 
yellow limits, similarly with red and 
green. 

In the case of the yellow, after a con- 
siderable amount of investigation at the 
national physical laboratory and other 
places, a similar light and dark limit 
was agreed upon, the idea being that if 
the yellow glasses or lenses fell between 
those limits the yellow colour given out 
would be very near the mean of the two 
standards. 


But the light given out by the signal 
lamp does not depend alone upon the 
colour of the signal spectacle glass or 
colour of the lens, but upon the colour 
source of light also, in other words the 
temperature of the illuminant. 


When I saw two yellow lenses side by 
side together or one after the other, the 
dark and then the light limits, I have no 
hesitation in saying that the dark limit 
yellow could very easily have been mis- 
taken for red and it was immediately 
obvious that the yellow aspects must all 
be of the same hue. The standard 
adopted on the Southern Railway is that 
yellow when an electric incandescent 
light is tthe source of the light, gives the 
standard yellow aspect or a wave length 
of 0.597 nu. 


The diameters of the lenses in the va- 
rious aspects are as follows: 


For running signal aspects. 8 inches. 
Route indicators eee 


Auxiliary signal aspects : 


For running signal aspects. 8 inches. 
The fog aspect <F >; 392 
The colouraspect. . 4 — 
Shunt signals . ~. >. =. >a ee 


Figures 1, 2 and 3 show the aspects of 
the four aspect light signals as they will 
appear in practice on the Southern Rail- 
way. 

The question as to what should be 
done as regards ‘signals at the junction 
of the existing semaphore arm and the 
new four aspect light signal system, 1. e., 
where shall one begin and the other 
finish. This question has been solved 
by arranging that the starting signal at 
Elephant and Castle, where the sema- 
phore system ends, shall be of the sema- 
phore arm pattern, but the equivalent 
of the distant signal for Blackfriars sig- 
nal box shall be a two aspect light sig- 
nal with a green and a yellow aspect 
so that if the Elephant and Castle starter 
is <off>, and Blackfriars distant is < on > 
a yellow light will be exhibited, but if 
the Elephant and Castle starter and ithe 
Blackfriars distant signals are both 
« off >, a green light will be given for 
the Blackfriars distant. See figure 4. 
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Experimental demonstration. 


1) Spectrum of coloured lights used 
on Southern Railway : 

White light. 

Red aspect wave length. 0.638 

Yellow aspect wave length. 0.5974. 

Green aspect. 

Source of light: electric incandes- 


cent focus lamp slightly under run 
20 candle power. 
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White light contains all the visible 
wave lengths and the green contains too 
many colours to assign a definite wave 
length to it. 


Red lenses: 
Practically only the red light passes 
through and out of the lens. 
Yellow lenses : 


Red, orange, yellow and some green 
passes through the lens. Most of the 
green, blue, indigo and violet are cut 
off. 


Green lenses : 
Red, orange, yellow 
through the lens. 


and blue _ pass 


It will be seen that it is difficult to 
speeify the colours comprising the va- 
rious coloured lenses in use, and the ma- 
nufacturers have had difficulty espe- 
cially with the yellow glass. But it is 
very important from a driver’s point of 
view that the colours of the same aspect 
shall always be the same tint. The prac- 
tical way of attaining this therefore ap- 
“pears to establish a standard and to use 
lenses, or glasses, only that compare al- 
most exactly with the standard. 


2) Comparison of light and dark limits 
gia: 
Red roundels. 
Yellow roundels. 
Green roundels. 


3) Reflection of light from flat colour- 
ed glasses, red, yellow, green. 

Reflection of light from coloured roun- 
dels, red, yellow and green. 

It will be noticed that the roundel is 
somewhat like a lens and that the image 
of the source of light is smaller than 
with flat glass. 


4) Light from coloured lens behind a 
clear front Jens. 

Light from clear front lens with co- 
loured sheet glass behind. 


5) Colour of light given from signal 


aspects, red, yellow, green when incan- 
descent lamp : 
Under run, 33 %. 
Slightly over run. 
Normal candle power, 24 watts. 
Slightly over run. 


It will be seen that the colour emitted 
depends upon the colour of the lens or 
coloured sheet glass and tthe state of 
incandescence of the filament or flame, 
in other words the temperature of the 
filament or flame. 

If the shade of green glass is light, an 
intensely brilliant flame or filament in 
the focus will make the beam of light 
given out look very much like white 
light. 

It will be noticed the glass or colour- 
ed lens to give the signal aspect green is 
not actually green, but has a decided 
blue tint with it, but this taken with the 
vellowish flame of the source of light 
generally used, we get signal green some- 
times called Admiralty green. 


6) Comparison of tthe quantity of light 
passing through a white red, yellow and 
green lens from the same incandescent 
electric light. Coloured lenses transmit 
light diminishing in this order : White, 
yellow, blue, red. 

The consequence of this is that a white 
light can be seen from a longer distance 
than yellow, green, blue or red, and the 
driver gets a view of the yellow before 
he would of the red, were red the aspect 
exhibited at the time. 

A further consequence of this is that 
the source of light (the filament of an 
incandescent lamp) appears smaller 
when a red aspect is being exhibited 
than when a yellow aspect is showing. 


7) Compare a beam of light from an 
ordinary clear lens using an electric in- 
candescent lamp as the source of light 
and which is ordinarily known as a 
white light, with the light from a yellow 
aspect signal lens. It will be seen the 
colours of both are very much alike. 
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8) Using a beam of light from a clear 
lens as in 7. 


The effect of placing a sheet of a very 
light shade of violet glass, between the 
source of light (the electric incandes- 
cent lamp) and the clear lens. It will 
be seen tthat the colour of the yellowish 
beam turns to a white light, sometimes 
called a lunar white. Colours can be 
matched in this light. Lenses are some- 
times coloured violet to give this sha:le, 
but when there is no light behind the 
lens, the outside surface of the lens ap- 
pears of a dark violet colour, whereas 
with this combination (i. e., clear lens 
of light shade of violet) when the source 
of light is absent the front glass appears 
white in the ordinary way. 


9) Illuminated signs. 

It will be obvious that there should be 
no chance of an illuminated sign, or 
other indication, being mistaken for a 
yellow aspect and the experiment in 8 
gives us a means of avoiding any mis- 
understanding from this cause, 


This principle is being used for route 
indicators and similar purposes. 


The route indicator consists of a clear 
lens with the combination lunar light 
already described, with moveable discs 
and the figures or the letters stencilled 
out of the disc, so that the combination 
light passes through the stencilled places 
only and tthe letters or figures appear 
brilliantly on the surface of the lens as 
shown in the experiment. This figure 
can be distinctly seen and read by the 
drivers at from 150 to 200 yards away 
in bright sunlight with an electric incan- 
descent lamp of 20 to 24 candle power 
in the focus, but at night time when it 
is dark the letter, or figure, would ap- 
pear extraordinarily brilliant and from 
peculiar characteristic of the lens and 
the source of light, which I will discuss 
here, the letters, or figures, may run into 
one another, so that the definition is 
bad. It may at a distance even look 


like an ordinary brilliant light, without 
any shaped figure being seen. 

This is due to the fact that: (1) the 
lens is designed for a point of light in 
the focus; (2) the source of light, an elec- 
tric incandescent lamp is by no means 
a point, consequently the rays of light 
forming the beam from the lens of an 
aspect light signal are not parallel as 
(1) the rays from the focal point will be 
parallel as they pass out of the face of 
the lens (2) the rays from the source 
of light on the left of the focus will pass 
out in a direction to the right of the 
main beam, similarly, the rays from tthe 
source on the right of the focus will pass 
out in the direction left of the main 
beam, with the consequence that there 
will be a fringe of light of less intensity 
around the main beam, and the beam 
will not be shaped very decidedly. Of 
course the shape of the lens, or the qua- 
lity of any particular lens, may not be up 
to the exact standard. 

In a similar way, when a number or 
letter is exhibited on the face of the 
lens of a route indicator, there will be 
a tendency for a fringe to form al! 
around the letter, or figure, and produce 
a blurring effect. It will be obvious 
that as some of the rays of light ‘from 
the lens are not parallel, but incline to 
cross each other, the further away the 
indicator is viewed, the greater will be 
the blurring effect, so that a good and 
definite view could not be had for a dis- 
tance greater than say 70 yards. 

It is so that in sunlight the fringes of 
the beam, which tend to blur the shape 
of the letter or figure are not seen, cer- 
tainly not prominently, as they are in 
fact neutralized by the brighter sunshine 
and the brilliantly illuminated letter or 
figure shows up distinctly. 

At night-time when it is dark the 
fringes are relatively much brighter than 
the night light and interfere with the 
definition of the figure or letter corres- 
pondingly. -To overcome these fringes 
the voltage on the electric incandescent 
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lamps is reduced from 12 to 8 volts re- 
sulting in the candle power of the lamps 
being lowered, but being night-time the 
brilliancy of the letters or figures remain 
quite bright enough to be seen during 
the dark hours with equal ease as in the 
daytime. 

In addition, to avoid these fringes, it 
has been found necessary to provide a 
very slightly etched glass screen and a 
fine wire gauge immediately behind the 
lens. The result of this is to distribute 
the light from the electric incandescent 
lamp more evenly over the back of the 
lens and the rays to pass out more nearly 
parallel than without the screen and the 
definition of the letters or figures are 
much improved. 


10) The stencilled discs are arranged 
‘to be as close to the back of the lens 
as possible. Where there are a number 
of discs it is arranged that normally 
they rest out of the plane immediately 
behind the back of the lens, but are 
brought up to that plane when the par- 
ticular number is required to be exhi- 
bited. If this cannot be arranged and 
some of the discs have to be further 
away from the back of the lens than the 
others, the stencilled letters in the disc 
are smaller, the further the disc is away 
from the back of the lens. 

The letters on the edges of the lens 
are apt to be distorted owing to a fault, 
or the nature of the Jens, for instance 
in the case of 18 jthe 1 may be distorted 
into a left hand bow shaped figure. 
I have overcome this by shaping the 
stencilled 1 as a right hand bow, 7. e., 
in the opposite direction to the faulty 
lens, with the consequence that the 1 ap- 
pears in its normal shape on the front 
of the lens. 


11) If a reflector is used in a light 
signal aspect, or a route indicator, there 
will be two beams of light given out 
from tthe lens, and the two beams will 
not necessarily come out of the lens in 
the same direction. One beam will come 


from the source of light in the focus of 
the lens and the second beam being the 
light from the reflector which will of 
course not be in the focus. 


12) If a coloured light signal aspect is 
exhibited that is not up to the standard 
of brilliancy it may be overcome by a 
powerful white light, which shining di- 
rect on the red lens will make the red 
lens appear white. Similarly with other 
coloured lenses. This phenomenon is 
often seen with ordinary signal lights 
when the sun shines directly on them, 
especially at sunrise or sunset. 


13) Three-beam lamp. 

In an ordinary light signal aspect 
iamp a source of light is placed at the 
principal focus of the lens and a single 
beam of light passes out of ‘the lens in 
a straight parallel beam. The distance 
between the principal focus and the 
principal point of the lens, is the focal 
length of the lens. Now if a second 
source of light is placed on the right 
hand side of the first source of light, at 
say an angle of 45°, so arranged as to be 
the focal length from the principal point 
of the lens, and that the angle between 
the lines from the first source and the 
second source of light and the principal 
point shall be say 45°, then a second and 
distinct beam of light will pass from the 
second source of light through the prin- 
cipal point of the lens and emerging 
from the front of the lens as a parallel 
beam on the right hand side of the main 
beam and in a direction making an angle 
of 45° with it. Similarly ifa third source 
of light is placed on the right hand side 
of the first source, a beam of light will 
pass from the third source through the 
principal point of the lens at an angle 
of 45° from the main beam but on the 
left hand side of it. Thus there are 
three beams of brilliant light given out 
from the same lens all at the same time, 

This lamp has been tried in tunnels 
full of black smoke, in fact, in all con- 


ditions found in long tunnels and tthe 
light given out by the three beam lamp 
has been distincly seen by the driver, 
where an ordinary white, or green, or 
yellow, or red signal aspect is exhibited, 
at least from 30 to 40 yards away. In 
the case of a red three-beam light aspect 
the black smoke around the signal is 
illuminated brightly so that in addition 
to the red light aspect the smoky atmo- 
sphere is distinctly coloured, which as- 
sists the drivers to locate the signal. 
Similarly with yellow and green aspects. 

The sizes of the side beams are not so 
large as the main beam, as in tthe cases 
of the side beams only a part of the lens 
is ‘brought into use. 


14) The principle involved in this 
lamp is applied to provide the side light 
for the light signal aspect as mentioned 
before. It can be arranged by placing 
the second lamp on any particular point 
on the spherical focus that the beam of 
the side light will emerge from tthe lens 
in any direction required, to give the 
driver a good view of it, either to the 
right, or left, or above, on a level, or 
lower than the main beam. This side 
light is being used in all the colour light 
four aspect signals at Holborn, Charing 
Cross and Cannon Street on the South- 
ern Railway. 


15) If a white light be placed in the 
principal focus of the Jens and a red 
light be placed on the right of the main 
beam and at a point on the spherical 
focus of the lens so that the lines con- 
necting them to tthe principal point of 
the lens are at an angle of 45°, similarly 
a green light placed on the left hand side 
of the main beam, then three distinct 
beams of light will emerge from the 
lens : 1) the main beam white, 2) the 
beam to the right of the main beam 
green, and 3) a red beam to the left of 
the main beam, all distinct from one 
another, so that any combination of dis- 
tinct coloured beams can be arranged. 
The beams in each case being brilliant 
and easily seen and separately distin- 
guished — of course tthe intensity of the 
beams will depend upon the candle pow-. 
er of the sources of light. 


16) The smaller the source of light, 
provided the candle power is concen- 
trated in say a point, so that it can be 
got in the focus of the lens the more 
efficient will be the light and a greater 
candle power beam be emitted from the 
Jens compared for instance with the light 
given out from the Jens when an ordin- 
ary non-focus electric lamp is used. The 
latter when used gives a very poor result 
even if a higher candle power lamp is 
used, compared with a « focus >» lamp. 
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Scientific study of light signals, 
By D. J. McCARTHY, 


CHIEF ENGINEER, CHICAGO RAILWAY SIGNAL & SUPPLY COMPANY, CHICAGO, 


Figs. 1 to 4, pp. 55.to 62. 


(Railway Signaling.) 


Physics and physiology are closely re- 
lated in the art of signaling, for the func- 


tion of all signals is the conveying of in- 
telligence through physical means, Visual 


Fig. 1. — Color-light signals should be designed to convey their indications without confusion. 


signals convey intelligence through 
their physical elements by the physio- 
logical effect produced upon the human 
eye. In the design of a railway light 
signal, the two requirements of physics 
and physiology must be satisfied simulta- 
neously. The designing engineer cannot 
neglect one at the expense of the other, 
if he wishes to produce a.signal that 
will convey proper intelligence in a sat- 
isfactory manner. As it is through the 
eye that such intelligence must be con- 
veyed to the brain, by the medium of 
light, it is essential that consideration 
be given to the physiological effect of 
light upon this organ. 

From this consideration, it would 
seem that the logical procedure would 
be to work outward from the eye, con- 
structing our apparatus in conformity 
with its characteristics so as to produce 
to the best advantage, the physiological 
effect desired. If this course is not fol- 
lowed and we ignore the physiological 
and consider only the physical, we may 
be lead to the construction of a device 
which, although perfect photometrically 
and optically, may fail when required 
to produce the desired physiological 
effect. Observation tests of such appa- 
ratus will show two observers reporting 
differently as to the effect produced. 
Even one observer will arrive at differ- 
ent and sometimes contradictory results, 
‘when observations are made at various 
times. 

it is well, first, to examine the eye 
from the point of view of a physicist 
and then that of a physiologist. In so 
doing, we find the eye to be an optical 
instrument, possessing accuracy of con- 
struction and refinement of adjustments, 
far exceeding that which has been ob- 
tained in any optical device so far de- 
vised. We also find that it possesses 
some imperfections which could not he 
tolerated in precise optical instruments. 
Due to these imperfections, some phy- 
sicists deem the eye an imperfect device 
when compared to some lens combina- 
tions that have been devised. But from 
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a physiological view point, these imper- 
fections of the eye become advantageous 
and make it the most perfect organ, we 
can conceive of for the purposes for 
which it is used. 


A study of the eye. 


The optical equipment of the eye con- 
sists essentially of a compound lens, non- 
distorting and rectilinear, working at F4 
in conjunction with an automatic ad- 
justing iris diaphragm. It can be con- 
sidered as a camera, producing physio- 
logically full size motion pictures in na- 
tural color. Ut is also a range finder 
and, to some extent, a photometer. The 
two most striking characteristics of the 
eye which have not yet been produced 
in a man-made optical device, are the 
automatic focal adjustment of the lens 
and the automatic diaphragm-changing 
aperture regulating the amount of light 
entering the eye. The latter affects, to 
a great extent, the visibility of the light 
signal between day and night. This will 
be discussed later. 

In the ordinary camera and other op- 
tical devices of like nature, the focal 
point of the lenses is fixed for objects 
a given distance from them. To focus 
objects at any other distance, it is ne- 
cessary to change the position of the 
lens. The position of the lens in the eye 
is fixed, but when it is directed at an 
object, the shape of the lens is changed 
so as to bring the light rays from that 
object to a focus at the retina. This 
characteristic is termed « accommoda- 
tion » by the physiologist. 

From a physiological standpoint, the 
main factors for consideration in de- 
signing a light signal are: 1) The effect 
of the spectrum colors upon the re- 
tina, with respect to combinations of 
colors and with respect to the sensiti- 
veness of the eye to colors of various 
intensities; 2) the persistence of vision 
for various colors at various intensities; 
3) the minimum and maximum visual 


angles; and 4) the minimum and maxi- 
mum intensities of illumination for good 
vision. 

From a consideration of the effect of 
different colors upon the retina the 
proper colored lenses or roundels to be 
employed can be determined. A con- 
sideration of the maximum and mini- 
mum visual angles will determine the 
proper diameter of the lenses. From a 
consideration of the maximum and 
minimum illuminating intensities the 
amount of energy required to produce 
the necessary light flux can be deter- 
mined. 


Color of lenses. 


In railway signaling, four colors — 
red, green, yellow and white — are in 
general use. Signal departments of va- 
rious railroads having adopted as stan- 
dard, some combination of the colors. 

Red has always been employed to si- 
gnify danger. The natural physiological 
effect of red upon the mind is to pro- 
duce a sense of danger. It is also a 
natural physiological effect to associate 
white with clear or safety. 

For indicating a condition between 
absolute danger and: absolute safety, 
green has long been used and for atthree 
indication signal, red, green and white 
were adopted. For certain physical as 
well as physiological reasons, white has 
proven to possess undesirable character- 
istics as a safety indication. In later 
practice, green has been substituted as 
signifying safety and yellow, caution. 
This combination of red, yellow and 
green iS more commonly used at the 
present time than red, green and white. 

The various colors affect the eyes in 
varying degrees of sensitivity. Sensiti- 
vity to different colored lights seems to 
depend upon the wave length and fre- 
quency, beginning with red, gradually 
increasing to a maximum between yellow 
and green, and decreasing toward ithe 
blue and violet. From this it is evident 
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that yellow and green are the colors 
most sensitive to the eyes, the degree of 
sensitivity depending on the intensity of 
the color. For low intensity, the eye is 


more sensitive to the action of the green - 


rays itthan to those of yellow or red. 
For high intensities, the yellow predo- 
minates, Sensitivity, as referred to here, 
pertains to visibility and not to that sen- 
sation caused by lights of high intrinsic 
brilliancy, which causes dazzling and dis- 
comfort to the eye. The sensation caus- 
ing discomfort is known as glare and is 
often popularly confused with sensiti- 
vity. The causes producing the sensa- 
tion due to glare must be guarded against 
in the light sources used for railway 
light signals. 


What causes glare? 


A predomination of glare may magnify 
the faults due to a tendency of color 
blindness in eyes that have to be con- 
stantly trained upon such lights as is 


-necessary in high speed train operations. 


It is difficult to give a clear definition 
of glare, therefore we will consider only 
the most prominent cause, which is the 
entering into the eye of radiations, 
other than those which produce light to 
which the eye is sensitive. 

For pure green and yellow light, for 
which the_eye has the highest sensi- 
tivity, all the radiations produce visibi- 
lity. The radiation or waves which 
produce sensation of light are of the 
same nature as heat. Therefore the ra- 
diations entering the eye which do not 
produce visibility produce heat. The 
absorption of \heat for a given light sen- 
sation, is much greater for red and violet 
light than for yellow and green lights. 
The effects of overheating is manifested 
immediately from lights of long wave 
lengths, but tthe eye recovers quickly. 
The effect of the short wave lengths is 
not felt for some time, but recovery is 
very slow. 

Less harm is done by red radiation 


than violet; this is due to the long wave 
length of the red and the short wave 
of the violet; therefore lights containing 
violet and ultra-violet rays are objec- 
tionable, for signal use. White light 
contains a larger percentage of violet 
and ultra-violet rays than any other 
light, and where such lights have been 
in use, it has been found necessary to 
make provisions for subduing them. 
Two methods have been employed, one 
by placing a wire screen in the path of 
a light beam, the other and more effec- 
tive means is to filter out the violet rays. 
‘Ordinary window glass acts as a filter 
for part of the violet rays. A glass giv- 
ing complete protection was invented 
some time ago by Drs. Schang and Stock- 
hausen. To this glass, they gave the 
name of Euphor. This glass filters out 
completely ‘the ultra-violet rays and does 
not absorb more than 2 to 3 % visible 
light rays. 

The colors, as derived prismatically 
from sunlight, have a high percentage 
of visibility whereas in those derived 
from artificial lights, the percentage of 
visible radiation is small compared to 
the power radiation which enters the 
eye. In the prismatically derived colors, 
the only radiation or wave lengths en- 
tering the eye, are those that produce 
the color sensations, excepting at each 
end of the spectrum, that is, in the ultra- 
red and violet rays. In the light signal, 
the colors are not derived prismatically 
but by a process of filtering or absorb- 
ing light rays from a radiant source. 
The colored roundels or lenses placed 
before a lamp do not produce color, 
these glasses act simply as filters pre- 
venting all colors except the one desired 
from passing through. Thus a _ red 
roundel does not produce red light, but 
by preventing tthe passage of all other 
colored rays, the red rays from the ligit 
source are made visible jto the eye. If 
the source contains no red rays, the 
result will be black denoting the absence 
of color. 
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It is essential therefore, that the light 
source be capable of producing the ne- 
cessary colors. The most efficient lens 
combinations or the highest quality of 
colored glass cannot compensate for a 
deficiency of color in the light source. 
Here, the light signal designer must ap- 
peal to the lamp manufacturers who are, 
we find, concerned in producing a lamp 
that will give a pure white light similar 
to sunlight. This result, the manufactur- 
ers have accomplished to a very high 
degree, but not by means of a lamp that 
has the same spectrum as sunlight, but 
by one that produces a white light sen- 
sation to the eye by the combination of 
two or more complementary colors. 
Here too tthe lamp designer must, like 
the signal designer, give consideration 
to the physiological. This, he does by 
combining red, yellow and green light 
in the proper proportions to fool the 
eye into believing it is seeing white 
light. Unfortunately when producing 
this effect, there is also produced a 
large number of heat and invisible rays 
that produce glare and other discom- 
forts to the eye. This is especially true 
when the light enters the eye directly 
from the lamps as is the case when ob- 
serving a light signal. 

In electric lamps now used for signals, 
the percentage of red, yellow and green 
rays is not ithe same for each color. 
The percentage of visible radiation of 
the lamps is small compared to its total 
power radiation, which is in the form 
of heat and invisible rays. Jn the elec- 
tric lamps, so far developed, the per- 
centage of visible nays of any one color 
is not sufficient to produce enough 
candle-power to allow of projection for 
long range signaling. It is necessary 
that other rays be allowed to pass 
through the roundels in the proper pro- 
portions to give the necessary penetra- 
tion and at the same time cause in the 
eye the physiological effect of the color 
desired. The red rays, which are low 
in visibility, can be made to appear 


much brighter if a small percentage of 
yellow rays, which are high in visibility, 
are allowed to enter the eye at the same 
time. The yellow causes a light sensa- 
tion in the eye and if their percentage 
is not too high as compared to red, the 
eye will convey to the brain a sensa- 
tion of red much brighter than if only 
red rays were used. 


Reflected light is composed largely 
of visible rays. 


If the light from a lamp falls upon a 
colored object, the eye will observe the 
objects by reflected rays; fhese rays will 
have only the color value of the objects 
illuminated. Very few rays other than 
the visible ones enter the eye by reflect- 
ed light from colored objects, all other 
rays being absorbed by the object. It 
is this effect which we endeavour to 
produce in the light signal by taking 
into consideration the spectrum char- 
acteristics of the lamp employed and 
the composition of the colored lenses 
or roundels used. It is not only ne- 
cessary that the composition of the 
colored glass used in the lenses or 
roundels be such that it will transmit 
the desired color only, but that it will 
also prevent the transmission of unde- 
sirable heat radiations and light waves 
which cause glare. 

If a lamp could be produced giving 
only the colored rays required, this 
problem would be much simplified. 
Colored lenses could be dispensed with 
and a considerable amount of the ener- 
gy, which in tthe present light source 
is wasted in producing invisible heat 
rays,-could be used efficiently. 

Another physiological problem for 
consideration is the possibility of pro- 
ducing false color sensations in the eyes. 
Signal men, as a rule,.consider the term 
« false indication » to mean the effect 
produced by a head light beam or other 
foreign light reflected from the signal. 
What we refer to here, is the effect pro- 


duced when the eye is suddenly directed 
from one color to another. It is due to 
the characteristic known as < persist- 
ence of vision >». A light sensation in the 
eye does not cease at the same instant 
that the light producing it is extinguish- 
ed, but persists for some appreciable 
fime afterward. For example; when the 
eye is directed for some time on a red 


light, which is suddenly replaced by a 


green one, the sensation is not that of 
green, but a combination of green and 
red. This sensation will prevail as long 
as the sensation of red remains. Owing 
to this characteristic the colors that 
succeed each other in giving signal indi- 
cations from danger to clear, should be 
selected so that the combination of the 
danger and caution colors will not mo- 
mentarily produce the physiological 
effect of the color indicating safety. Re- 
ferring to the combination of the spec- 
trum colors, it has been found that 
57 % of them can be produced by com- 
bination of two or more of the others. 
Red and green mixed in proper: propor- 
tions will produce white. In a signal 
using red for danger and white for clear, 
the caution indication should be some 
other color than green. Yellow and red 
will not produce white, therefore yellow 


'can follow red without the physiological 


danger of producing the white sensation 
in the eye. 

The safest color to use for giving a 
clear indication is one that cannot be 
produced by a combination of any other 
two colors. Three of the spectrum 
colors have this property; they are red, 
violet and green. As violet rays give 
poor visibility, green is the best choice 
for giving the safety indication. Yellow 
ranking next to green in visibility and 
absence of glare makes it a desirable 
color for a caution indication. 

The persistence of vision in a physical 
sense would seem at first thought to be 
an imperfection in the eye, but when 
we consider that without it the moving 
picture would not be possible, we see 
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that it becomes an advantage from a 
physiological viewpoint. 


Proper size of lens 


To determine the proper size of lens, 
we should first note which character- 
istic of the eye enables us tto detect the 
relative size of objects. We find that 
this is due to the angle at which light 
rays enter tthe eye from the extreme 
edges of the object viewed. This angle 
is known as the visual angle. 


Fig. 2. — Relative size of an object depends 
on the visual angle. 


Figure 2 shows a diagrammatical re- 
presentation of this angle. The rays 
from the object A at C distance from 
the eye will have an angle F. The same 
object at D distance will have a smaller 
angle G and will have a relatively 
smaller apparent diameter than when 
at A, From this, it will follow that as 
the object recedes from the eye, its ap- 
parent diameter will be decreased until 
the object disappears. This angle is 
known as the minimum visual angle 
which for a normal eye is an angle of 
1 minute (1/60 degree). At this angle, 
the eye can see an object only as a point; 
in order to see it clearly and with com- 
fort the angle of the object must be at 
least five times this or 5 minutes. The 
diameter of a disc, which is comfort- 
ably visible is given by the formula : 
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in which A = diameter in inches or feet 
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and D = distance in inches or feet. At 
a distance of 4000 feet, which is about 
the maximum range required of the light 
signal, a disc to be clearly seen by re- 
flected light, must have approximately 
a diameter of 66 inches. From such a 
disc, the light rays are entering the eye 
from all parts of its surface and all at 
different angles to each other. It is not 
practical ‘to construct, for light signal use, 
a lens or reflector combination having a 
diameter of 66 inches, but fortunately the 
physiological conditions are somewhat 
different when light enters the eye in a 
projected beam from lenses or parabolic 
reflectors. In such cases, to a certain 
extent, the rays are parallel to each 
other, and not at different angles as in 
the case of ithe disc. 


This is illustrated in figure 3 which 
shows that the light rays emanating from 
the luminous lens B are parallel to each 
other, entering the eye in parallel lines 
instead of angles. The rays do not 
form a visual angle on entering the eye, 
therefore the physiological effect of the 
size is not present and the eye cannot 
determine the size of such a light source. 
Because of this, it can be seen that for 
long distances, the eye cannot determine 
the relative size of two parallel light 
sources. Even, if they are placed side 
by side, a 3-inch diameter lens will ap- 
pear as large as a 10-inch diameter lens. 
Of course the field of vision will be in 
relative proportion to their size; that is, 


the eye will detect the light from the lar- ~ 


ger lens easier than from the smaller 
one. What then, would be the apparent 
size of a light source which will send 
only parallel rays into the eye? This can 
be explained by referring ‘to the visual 
angle at which objects will come into 
focus at the least muscular strain in the 
eye. When tthe eye is directed at an ob- 
ject and not moved, the maximum angle 
at which the object is in sharp focus is 
about 1/2 degree, everything outside of 


this is indistinct. This is known as the 
maximum visual angle. We are there- 
fore, able to estimate directly the size of 
objects by muscular sensation of strain 
in converging our eyes to bring the light 
rays from the object to a focus at the re- 
tina of the eye. The amount of this 
convergence depends upon the angle at 
which the light rays enter the eye. It 
also depends upon the distance we are 
from the object, the farther away the less 
divergence; and it is a physiological fact 
that for the normal eye, objects over 
100 feet away come into focus without 
any muscular sensation. 


Due ito this fact, the eye when unaid- 
ed by intervening objects, can judge 
fairly accurately the size of objects not 
exceeding a distance of 50 or 60 feet, 
but for distances above 100 feet it fails 
entirely. An interesting example of this 
is shown in our ordinary estimate of the 
apparent size of the sun and moon; each 
appears to be about a foot in diameter. 
When we jlook at the moon in mid- 
heaven, our eyes directly inform us that 
it is at least a 100 feet away; on the 
other hand, due to the absence of inter- 
vening objects, we instinctively estimate 
the distance as the least possible, con- 
sistent with the non-convergence of our 
eyes, and accordingly imagine the ‘size 
of the disc to be about that of a ball 
which at a distance of 100 feet or so, 
would subtend the same angle of 1/2 de- 
gree, that is, about a foot. 

When we look into a parallel beam of 
light, the lens of the eye assumes its 
flattest form which exerts the least mus- 
cular sensation in order to bring such 
rays to a focus on the retina. This sen- 
sation tells us that the object is over 
100 feet away and its apparent dia- 
meter will be the same as an object 
100 feet distant, which subtends the 
same angle as the maximum visual angle. 
This diameter will be approximately 
12 inches or 1/2 degree. 
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Apparent size of any parallel 
light source. 


Therefore a strong parallel beam, 
although its source may be_ several 
thousand feet distant, will cause the 
physiological effect of size to be one 
foot in diameter. This is true, even 
though the light in reality may be very 
small or very large. This is evident in 
figure 3, in which it is shown that con- 
siderable of the light rays do not enter 
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Fic. 3. — Parallel rays do not reveal the size 
of the light source. 


the eye at all, but the amount which 
does enter is the same for a small or 
large lens, being the amount falling 
within the diameter of the pupil of the 
eye. It follows from this, that a light 
signal source would not necessarily have 
to be of large dimensions and that pos- 
sibly a 3-inch lens would be sufficient 
to give a long range indication. This 
would all be true, if the light rays were 
absolutely parallel which can only be 
true with an infinitesimally small light 
source and as all light sources have phy- 
sical dimensions, it is not possible to 
send out all the light rays parallel 
within a narrow beam from a small lens. 

It is physically impossible to keep the 
eye within this beam when approaching 
a signal at close range. While at a 
range of 4000 feet, the eye would see a 
light source as one foot in diameter, 
only while it is situated in the beam, but 
as it approaches the light, and on ac- 
count of the physical relationship of 
the signal to the track, the eye is gra- 
dually drawn out of the parallel beam 
and is affected by the diverging and 


converging rays due to the inaccuracy 
of the lenses and the physical dimension 
of the light source. Under these con- 
ditions the eye commences to see the 
light source somewhat under the same 
condition as tthe discs referred to 
above. With the lamps available and 
the lenses so far developed, it is not 
physically possible to obtain a maximum 
angle of light from the lamp with a lens 
less than 4 inches in diameter. These 
lenses must be used with a second lens, 
in order to give a parallel beam. From 
this, it would appear that the minimum 
diameter of the lenses, due to physical 
conditions, could not be less than 
5 inches. As to the minimum size for 
physiological reasons, it follows that 
when the eye approaches within 500 feet 
or less, on account of diverging and 
converging rays and also the loss of the 
parallel beam, the lenses must be of 
such a diameter as to subtend an arc 
for comfortable vision. 


Assuming that the conditions referred 
to take place at 500 feet and using the 
formula referred to above, we find that 
the diameter of a disc clearly visible at 
that distance would be approximately 
8 1/2 inches. At this diameter the light 
source would appear as a point, if all 
the rays were convergent. By mounting 
the signal at the proper height and dis- 
tance from the track, the eye can be 
kept within the direct ray of the beam 
within a distance much less_ than 
500 feet, so that the effect of the parallel 
light will aid in giving the physiological 
effect of a 12-inch diameter lens within 
possibly 200 feet of the signal, from 
which distance, the eye can readily com- 
pare the size of the illuminated lens 
with surrounding objects. It has been 
found in practice that a 8 3/8-inch lens 
gives satisfactory illumination for sig- 
nals that have to be mounted in such a 
position with reference to the track that 
the axis of their light beam will vary 
approximately 4 to 20° from the line of 
vision between far and close up obser- 
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vations. A signal having an optical 
equipment embracing the same light flux 
as the 8 3/8-inch combination, but using 
a 5-inch objective lens, will give equal 
results if it can be so mounted that its 
light beam axis will be within 4° of the 
line of vision through the whole range 
of observation. 

The advantage for the longer ranges 
is in favor of the smaller lens for the 
reason that the light flux per unit area 
is greater than for the larger lens, 
therefore the penetration would be great- 
er. Where the ranges are the same, 
advantage can be taken of this fact by 
reducing the light energy for the smaller 
lens. 

Primarily, the visibility of the signal 
is due to the amount of light entering 
the observer’s eye at any point within 
the signal’s range. We must, therefore, 
determine the amount of light necessary 
to affect the eye for comfortable vision 
and then give consideration to the prob- 
lem of projecting this amount to the 
extreme range of the signal. For the 
average eye to read comfortably ordin- 
ary print on white paper, it has been 
found necessary to illuminate the paper 
with a candle power of one foot-candle. 
The visibility of light varies directly as 
the intensity and inversely as the square 
of the distance from the source. There- 
fore, to see clearly, by reflected light, 
the 66-inch disc referred to previously 
at a range of 4 000 feet, the illuminating 
source would have to be of 16000 000 
candle-power. Suchan illumination would 
be as impractical as a 66-inch lens, but 
the light signal does not give indications 
by reflected light, but by sending a 
direct ray into the observer’s eye. In 
giving consideration to glare, we found 
that this characteristic has some physi- 
ological disadvantages, but .when con- 
sidering visibility and range, we found 
it had some physical advantages in re- 
ducing the amount of light energy re- 
quired to give a signal indication. The 
amount of light entering the eye is de- 


pendent on several factors, the most 
important of which are the intensity of 
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Fig. 4. — Spherical distribution of light flux. 


the light source, the distance of the eye 
from the source and the area of the lens 
of the eye exposed to the light. In 
order to see more clearly the effects of 
these conditions it is. necessary to re- 
view some fundamental considerations 
with respect to the distribution of light. 


Inverse square law not applicable 
to parallel rays. 


From most primary light sources, the 
light flux is radiated in all directions. 
Keeping this fact in mind and referring 
to figure 4 let us assume an infinitesimal 
light source at the center of the circle A 
and B. The light source is of one 
candle-power. The radius of circle A 
is one foot and that of circle B, three 
feet. An observing eye placed at C, 
will be illuminated with one foot-candle 
but the one at D, in accordance with 
the inverse square law will receive an 
illumination of only 1/9 foot-candle. 

Assume that A is the diameter of a 
sphere. As the light is radiated in all 
directions, it will uniformly illuminate 
ithe inner surface of such a sphere. If 
all the light on the spherical surface A 
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were directed into the eye C, the in- 
crease of intensity would be in propor- 
tion to the ratio of the area of the sphere 
ito that of the eye. The iris diaphragm 
of the eye is capable of closing and 
opening the pupil between 1.5 and 
4 mm., from which we can assume for 
cur illustration that C and D have a 
diameter of 1/16 inch the area of which 
is 0.00307 square inch. The area of the 
sphere A is 1 809.6 square inches. There- 
fore the candle-power illumination of C 
will ‘be: 

1 809.6 

0.00307 


The area of the sphere B is 16 286 
square inches, therefore the candle-pow- 
er illumination of D will be: 


16 286 
0.00307 


In comparing these results, we find 
that the inverse square law does not 
hold true, for if it did, the results for D 
65 444 candle-power. This 
illustration serves to show that when 
light is projected in a parallel beam from 
lenses or reflectors, it does not wholly 
comply with the inverse square law. 
This fact enables us, by the proper use 
of lenses or reflectors, to project a 
powerful beam of light having many 
thousand candle-power from a small light 
source. 

To cause a light sensation, the light 
source can be of lower candle-power 
where the light ray is sent directly into 
the eye, than where the ray is reflected. 
The minimum luminosity of lights just 
visible is 0.00032 foot-candle for white, 
0.0011, for green and yellow, and 0.032, 
for red. From these figures, we can 
assume that 0.032 candle-power must be 
projected to the maximum range of the 
signal in order that the eye can ob- 
serve it. 

The intensity of a projected light beam 


x 1 = 589 446. 


%” 0.11 = 583 540. 


depends upon the angle of light em- 
braced by the lens or reflector and by 
its diameter. Of all projecting means 
so far devised, the parabolic reflector 
can embrace the largest angle of light. 
But as reflectors have the physical pos- 
sibility of causing phantom indications 
by foreign light entering the reflector, 
we will give here, consideration to 
lenses only as they do not possess this 
characteristic. 

With well designed lenses, it is pos- 
sible to embrace 170° of the total light 
flux. If this flux is projected into a 
beam 6 inches in diameter, the intensity 
of such a beam will be 2000 times the 
candle-power of the source. From which 
it follows that with a 5-candle-power 
lamp, it is possible to project a beam 
of 10000 candle-power. 

The difference in intensity of a light 
beam to the eye — between night and 
day — is due to the physiological fact 
that the iris diaphragm of the eye is 
subjected to a marked expansion and 
contraction due to the action of light 
upon it. In bright sunlight, the dia- 
phragm is contracted to a diameter of 
1.5 mm., and in darkness, it is expanded 
to 4mm. The amount of light that can 
enter the eye is governed by the area 
of the diaphragm openings, which open- 
ing, the physiologist terms the pupil of 
the eye. It follows that in observation 
of the light signal at night, the eye will 
receive over 7 times the illumination 
than at midday. Daylight observation 
of the signal can be favored by shading 
as much as possible the engineman’s 
eye from direct day light. In _ prac- 
tice, the ordinary engine cab favors this 
condition. The main disadvantage due 
to the increased illumination at night is 
that of glare. But in a well designed 
signal in which consideration has been 
given to producing the proper color 
filters, this objection can be practically 
eliminated. 
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The railway strike in Great Britain. “ 


How London & North Eastern Railway met situation created by the general strike, 
By Sir Ratpx L. WEDGWOOD, 


CHIEF GENKRAL MANAGER, LONDON & NORTH EASTERN RAILWAY 


(Railway Age.) 


The British public know what a na- 
tional railway strike means. There was 
one in August, 1911, because the railway 
companies, with the exception of the 
North Eastern, would not recognize 
trade unions and the men were dissa- 
tisfied with the conciliation boards 
which had been set up four years earlier. 
A second took place in 1919 about the 
fixing of wages on a new basis to suit 
the conditions caused by the war. 

For the first time last month the 
people felt the effect of a simultaneous 
stoppage of the railways, the docks, the 
underground or « tube > lines, the om- 
nibus services, the printing trades and a 
number of other productive industries. 
The coal miners had automatically ceas- 
ed work on 1 May on the breakdown of 
the negotiations which the government 
had been conducting between tthem and 
the coal owners. Thereupon, the Trades 
Union Congress declared a « general 
strike » to take effect at midnight on 
Monday 3 May. The orders of the Con- 
gress were faithfully obeyed by the 
unions concerned, and nearly 3 500 000 
stopped work. 

The country was undismayed. It ma- 
naged to transact much of its ordinary 
business in spite of the strike. The gov- 
ernment organization for meeting the 
emergency worked well. There was an 


abundance of food. The power stations 
were kept going. Most newspapers were 
issued in an abbreviated form. In a few 
days it was evident that the services of 
the strikers were not indispensable and 
many of them began to return to their 
posts. Soon after mid-day on 12 May 
the Trades Union Congress informed the 
government that it had decided to ter- 
minate the general strike unconditional- 
ly. The railwaymen were left to make 
terms for their reinstatement with the 
companies as best they could, and a set- 
tlement was reached on Friday 14 May. 
Thus ended the most formidable strike’ 
which has ever taken place in Great 
Britain, and it is thought that some ac- 
count of the experience of one of the 
main railways during this exciting fort- 
night will be of interest to American 
readers. 


The strike on the North Eastern. 


The London & North Eastern is the 
largest carrier of mineral - traffic in 
Great Britain. It has a monopoly in the 
coalfields of Northumberland, Durham, 
the Lothians and Fife. It has also huge 
interests in the coalfields of Nottingham- 
shire and Yorkshire as well as a share 
in the traffic from the pits in Lanarks- 
hire, Lancashire and North Wales. In 
1925 the company carried 87 000000 


(4) Sir Ralph Wedgwood, the author of this article, was chairman of the Controlling Committee of the 
Railway Informaticn Bureau during the British general strike. 


Le (Sl 


tons of coal and coke. Twenty-five mil- 
lion five hundred thousand tons of that 
quantity were shipped at docks and 
staiths owned by the railway. The effect 
of a coal stoppage alone on the com- 
pany’s prosperity is bound to be serious. 
The wider cessation of work hit the 
Company very hard. Owing to the loca- 
tion of many of its lines in industrial 
areas, the great majority of the staff are 
staunch trade unionists, and only 12 % 
of the personnel stuck to their posts when 
the strike was called. Seventy-six en- 
gine drivers out of 11500 remained at 
work. Eighteen firemen were all that 
could be mustered out of a similar num- 
ber. One hundred and forty-three guards 
were available, representing 2 % of the 
full strength. Signalmen were more 
loyal : 503 of that grade « stayed in >, or 
5 1/2 % of the number in the grade. 
On the other hand only 57 shunters out 
of 5300 reported for duty, so that the 
Company was desperately short of the 
men whose services are essential for the 
movement of traffic. 


It should be remembered that the 167 000 
men who went on strike had no quarrel 
with the Company. They had high 
wages in comparison with many trades, 
an eight-hour day, a guaranteed week, 
conciliation machinery for remedying 
grievances and the protection of the 
Railways Act of 1921. 


When the National Union of Railway- 
men notified its intention to call a strike 
the London & North Eastern replied 
pointing out the liability for damages 
incurred by the men in breaking their 
contracts of service and reminding them 
that if lives were endangered by their 
action, they would render themselves 
liable ito criminal prosecution, 

A warning notice was also posted in 
the following terms over the signature 
of the chief general manager : 


The Company have received an intimation 
that a number of their staff have been in- 


structed by their Trade Union to cease work 
today, Monday, 3 May. 

The Company desires to impress upon the 
staff that if they leave work in the manner 
indicated they will be breaking their contract 
of service. 

The Staff are reminded that they cannot 
legally terminate such contract except by giv- 
ing proper notice in accordance with the terms 
of their engagement. 


At the same time the Company issued 
a warning to the public in these terms : 


The publie are informed that the Company 
have received an intimation that a number of 
their servants will leave their employment 
without proper notice on Monday, 3 May. The 
Company, therefore, intimate that they cannot 
at present undertake responsibility for the 
carriage of passenger and merchandise traffic, 
and will not be liable for any loss which may 
arise. 


The object of these notices was to let 
hoth the men and the public know at the 
earliest possible moment exactly how 
they stood and, throughout, the Company 
consistently held to this policy of tak- 
ing everyone into its confidence. 


Special organization formed. 


At 3 p.m. on Monday 3 May, the Com- 
pany brought into force a special organi- 
zation which it had prepared for dealing 
with emergencies. The ordinary depart- 
mental arrangements, were suspended for 
the time being and the strike business 
was conducted through three controls 
reporting to the chief general manager 
at King’s Cross. One control at Liver- 
pool Street, London, administered the 
affairs of [tthe southern area of the sys- 
tem. The second at York looked after 
the north eastern area and the third at 
Edinburgh took charge of Scotland. 
Each control was supervised by the di- 
visional general manager for ithe parti- 
cular area and consisted of such of his 
departmental officers as he assigned for 
the purpose. The area control worked 
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through district controls at the principal 
centers. The southern area, for exam- 
ple, had district controls at King’s Cross, 
Stratford, Marylebone (all in London), 
Cambridge, Norwich, Nottingham, Don- 
caster, Leeds, Manchester and Grimsby. 


This special organization had the ad- 
vantage of pooling the resources of all 
departments. iIt provided machinery for 
collecting and transmitting information 
to headquarters. Conversely, orders 
were speedily distributed through the 
controls to all points on the line. The 
best use was made of telephone and 
telegraph — a matter of importance, as 
many of the operators had left duty. 
Finally the controls dealt promptly with 
emergency problems as they arose by 
direct conference of the officers con- 
cerned. The arrangements worked well 
and relieved the chief general manager 
of executive worries so that he could 
give all his time to questions of policy. 

The strike began at midnight on 3 May. 
At first the unions offered to allow men 
to work certain traffics, but the London 
& North Eastern Railway Company de- 
clined to admit the right of the men to 
select their work. All men who declin- 
ed to perform any part of their normal 
duty were dealt with as on strike. On 
5 May the National Union of Railway- 
men simplified matters by instructing its 
members < to handle no traffic of any 
kind — foodstuffs or otherwise >. 


Progress of the strike. 


The first day of the strike, Tuesday 
4 May, was difficult, and only 84 trains 
could be run. At ithe request of the go- 
vernment priority was given to milk 
trains bringing supplies to London and 
the larger provincial towns. The bulk 
of the engine power available was then 
concentrated on passenger rather ‘than 
on goods train services and preference 
was also given to suburban over main 
line services. The steady growth of the 


services is shown by the following table: 


Number of trains run 
ee 


pussenger, gocds. 
4 May... 84 Se 
Mee oh od 281 6 
Gate 559 1] 
Te 3 veer a 682 20 
Sea 757 23 
9 — ... NoSunday services + 
TO pte Bee 945 73 
1 ea ata be 1049 105 
12 eae 1105 171 
1S: Spells 2 1161 174 
14 eas 1191 218 
he 1403 237 


The work of the first two days was sa- 
tisfactory in the face of the difficulties 
to be surmounted, and the chief general 
manager issued a message of encourage- 
ment to the loyal staff, which is repro- 
duced below. 


I should like all the staff to know how well 
things are going, and how much the govern- 
ment and other authorities are impressed with 
the great effort which the railway companies 
are making. 

Yesterday we ran 148 trains: today we 
have passed the 200 mark. There is every 
prospect of a steady and rapid increase in the 
train services from day to day. London rail- 
way recruiting offices are overflowing with 
volunteers, many of whom are of the best kind 
for our purposes. From all we can learn the 
experience at other centers is the same. 

Fifteen milk trains ran this morning, and 
special attention is being given now to fish 
and other perishables. A dining car will be 
run on the York train tomorrow. These things 
are small in themselves but every improve- 
ment in our services that can be effected 
shows that we know how to keep the flag 
flying, and wins us further support from the 
public. 

I take this opportunity to thank all the 
staff who have remained loyal to their ser- 
vice for the magnificent work which they are 
doing. I know that many of them are work- 
ing under conditions of great difficulty, often 
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involving long and irregular hours of duty. 
If we carry on as we have begun, we may 
look for a speedy end to the present situation. 


The passenger trains on 6 May includ- 
ed the « Flying Scotsman > from London 
crowded with passengers, and on this 
day the London & North Eastern Rail- 
way ran the first restaurant car during 
the strike by the 9.00 a. m. from London 
to York. The passenger receipts at 
King’s Cross (London) on 8 May, were 
only 40 % below receipts for the corre- 
sponding day in 1925. On Ithe same day 
the boat train service from London to 
Harwich was resumed and the two boats 
for the Hook of Holland and Esbjerg 
got away promptly. So well were things 
going that on Sunday 9 May, \the Chief 
General Manager indited another mes- 
sage to the staff which is again quoted 
in full. 


After five days of strike we can now take 
stock of the situation. 

On Saturday we ran 757 passenger trains, 
equal to 12 % of our full normal service. 
There has been a steady improvement day by 
day, and we can confidently anticipate a fur- 
ther advance. The Flying Scotsman is again 
running and has been crowded. The conti- 
nental boat train for the Hook of Holland 
also started again on Saturday night, and 
sailings from Parkeston Quay are resumed. 

The freight service has made a good begin- 
ning; fish, butter, meat, vegetables, petrol and 
live stock are now being moved. : 

The position is far better than could have 
been anticipated, and is the result of the unit- 
ed and untiring efforts of the staff, who have 
remained loyal to their service. fe. 

Our aim must now be to develop still fur- 
ther the services already in existence, and 
particularly the freight service carrying es- 
sential commodities. 

Volunteers of an excellent type are being 
trained in large numbers, as drivers, firemen, 
signalmen and guards. 

The Company wish it to be known that the 
staff who remain loyal to them may look in 
the future to receive the fullest support and 


protection which the Company can afford to 
them. 

Staff now on strike who return to duty in 
the immediate future will be welcomed and 
will receive the same measure of protection, 
provided they are willing to join with us 
wholeheartedly in any suitable capacity and 
help to get the wheels turning. 


Throughout the strike sailings of the 
Company’s steamers from Hull and 
Grimsby |to the continent were continued 
in spite of the embargo placed on bun- 
kering in this country, and on 10 May 
the steamer services run by the Com- 
pany on the river Clyde were resumed. 
On 14 May, the day of the strike settle- 
ment the passenger train mileage was 
over 27000 miles, or 15 1/2 % of tthe 
normal figure. The goods train mileage 
was 8 017, representing 5 1/2 % of nor- 
mal. The effort to close the railway 
had failed conspicuously. 


How the strike collapsed. 


The collapse of the strike was hasten- 
ed by the return to duty of some of the 
strikers. By the end of the first week 
over 700 men had come back. This 
number was doubled on 10 May. Two 
days later the chief general manager 
published a grave warning to the strikers 
in these terms : 


The London & North Easthern Railway 

Company wish to notify their staff now on 
strike that at the conclusion of the strike the 
number of staff whom the company can em- 
ploy will be materially reduced. 
_ Whe effect of the strike upon the trade of 
the country must be to diminish substantially 
the tonnage of traffic to be handled, and it 
will necessarily take a considerable time for 
trade to recover, 

The Company wish it to be understood that 
at-the conclusion of the strike they will give 
preference for employment to those of their 
staff who have remained at work or who offer 
themselves for re-employment without delay. 


This notice had an immediate effect. 
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On 13 May the number of strikers back 
at work jumped to 5570 and a further 
lot of 770 came in on the next day. 
Each of these men was handed a notice 
saying : 


You are hereby re-engaged, but your enga- 
gement is on the understanding that the Com- 
pany reserve any rights they may possess in 
consequence of your having ‘broken your con- 
tract of service. 


Many of the men were very suspicious 
about this notice and believed: that it 
foreshadowed a reduction in wages. 
This led the Company to issue the fol- 
lowing announcement to their men on 
13 May. 


Rumors have been circulated to the effect 
that the Railway Company propose to take this 
opportunity of reducing the wages of their 
drivers, firemen or other grades; also that the 
Railway Company propose, in taking men back 
into the service, to take them on as new en- 
trants, as a result of which the men would 
receive lower rates of pay as well as losing 
the benefits of their seniority. 

Both these rumors are entirely without 
foundation. Men accepted for re-employment 
will come back at the rates of pay which they 
were receiving before the strike, and without 
loss of service. 


Many volunteers employed. 


A second great factor in breaking 
down the strike was the employment of 
volunteers in place of the regular rail- 
waymen. The managing and clerical 
staff of the Company came to its help in 
a way which was beyond all praise. 
Outside assistance was also enlisted 
freely. On 4 May, the Company adver- 
tised that engine drivers, firemen, clean- 
ers, motormen, guards, signalmen, shunt- 
ers, carters, vanmen, stablemen, porters, 
general laborers and despatch riders 
were needed for urgent and essential 


services in connection with the working 


of trains. The posters were followed up 
by an appeal broadcast by wireless. Be- 


fore the strike came to an end tens of 
thousands of volunteers were enrolled 
and over 10500 were employed. No 
skilled men were turned away. At 
King’s Cross (London) Station alone, 
nearly 7000 volunteers were enrolled 
and of this number 1688 were posted 
to the grades which are most intimately 
connected with the handling of traffic. 
These volunteers were from many 
sources. Men were released from the 
Royal Air Force and others came from 
universities, medical schools, banks and 
offices. The country’s unemployed has- 
tened to seize an unprecedented oppor- 
tunity of temporary employment. Wo- 
men came forward in large numbers and 
many served in the canteens. The whole 
of the Pullman Car Company’s staff on 
the London & North Eastern Railway 
volunteered for service in a body and 
were usefully employed in catering for 
loyal employees and volunteers. Naval 
ratings kept the company’s electric pow- 
er stations going. A few volunteers were 
employed at once as drivers, firemen, 
guards and signalmen. Others had to be 
trained and were passed through schools 
for footplatemen, guards and signalmen, 
which were established under the direc- 
tion of qualified instructors at various 
centers. Men from these schools were 
sent to work wiith regular hands or ex- 
perienced volunteers before taking charge 
of work on their own responsibility. 
The volunteer offices were in constant 
touch with the controls and sent out 
batches of men as required. Seventy- 
five stablemen and provendermen, for 
example, were asked for at 6.00 p. m. 
one night: the men were provided and 
on duty at 6.00 a.m. the following morn- 
ing. The locomotive and traffic depart- 


ments had the first call upon volunteers, 


but men were also taken in the engineer- 
ing, telegraph, hotels and other depart- 
ments. 

All volunteers willing to accept remu- 
neration for their services were paid tthe 
current rate of the grade in which they 
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were employed, and overtime, night duty 
and Sunday duty was paid for at the 
standard raites. 

It was realized that careful rostering, 
feeding and resting arrangements were 
essential if the staff were to carry 
through to the end successfully. Hours, 
inevitably, were long, but as far as pos- 
sible staff were put on regular shifts of 
8 to 12 hours and every effort was made 
to provide comfortable sleeping accom- 
modation. 

A thoroughgoing distribution of food 
was rapidly organized in which hotels, 
dining cars, and canteens played a most 
valuable part. Entertainments were ar- 
ranged at various centers for the benefit 
of loyal workers and volunteers, Apart 
from those members of the staff who 
were required to be available at all 
times, employees were encouraged to 
travel daily tto and from their homes. 
Motor cars were available for those who 
could not make their own transport ar- 
rangements. 


Publicity an important factor. 


A third reason for the success of the 
Company has been hinted at already. 
This was tthe care given to publicity. 
In no previous ‘strike in Great Britain 
has the Company’s case been put so fully 
and promptly before the country. As a 
result public opinion was unreservedly 
with the raiiway throughout the struggle. 
Much credit for this is due to the Com- 
pany’s advertising manager, who orga- 
nized the issue and distribution of all 
public announcements and <time sheets». 
These were posted with the utmost dis- 
patch. The time sheets kept pace very 
well with the developing services. Some 
difficulty was experienced at first in 
getting material printed, but until the 
printers resumed some of the company’s 
own staff turned themselves into com- 
positors and produced excellent work. 
The advertising manager also arranged 
with the British Broadcasting Company 

for the broadcasting of wireless messages 


about train services and the general rail- 
way position. Another effort of his was 
the publication of the London & North 
Eastern Railway News. The first num- 
ber appeared on 8 May, and 6 were 
issued in all. In the absence of daily 
newspapers the London & North East- 
ern Railway News kept tthe staff inform- 
ed of the progress of affairs besides act- 
ing as a useful medium for outside pu- 
blicity. 

The touch maintained with the public 
was particularly valuable when the ge- 
neral strike ended. There was a mea- 
sure of disappointment that the railway 
stoppage did not end at the same time. 
On 13 May, while notifying the public 
that the regular service of trains would 
be resumed as quickly as practicable 
and that the emergency services would 
be amended and increased, the Company 
announced that it had been unable to 
arrange with large numbers of its staff 
to resume duty immediately. The staff 
still on strike were informed that they 
would be reengaged as and when work 
was available for them subject to two 
conditions : 


1. Every railwayman who left his work 
without proper notice has committed a breach 
of contract and has thereby involved the Rail- 
way Company in heavy losses. The Railway 
Company are notifying all the men who offer 
themselves for re-employment that the Com- 
pany reserve any rights they possess to dam- 
ages for breach of contract. 

2. A number of the Company’s staff occupy- 
ing positions of responsibility in which they 
were entrusted with the supervision of other 
members of the staff have gone on strike. The 
Company propose to examine these cases indi- 
vidually and to decide in each case whether 
they can re-employ the man concerned in the 
position which he occupied before the strike. 
Pending this consideration they are not pre- 
pared to re-employ the men concerned who in 
addition to their breach of contract have been 
guilty of a breach of trust towards the Rail- 
way Company. 


The Company expressed the opinion 
that its action on these two points was 
essential if the future was to be free 
from the unwarranted’ disturbances 
which had too often occurred in the past 
and asked for public support in insisting 
upon these safeguards for future peace 
and discipline. These announcements 
were repeated in circular form ito the 
volunteers with an urgent request that.all 
volunteers should continue to place their 
services at the disposal of the Company 
until the matter had been brought to a 
satisfactory conclusion. The volunteers, 
almost to a man, honored this request. 


Terms of settlement. 


When it was found itthat the railways 
were not prepared to take back all their 
men immediately and unconditionally, 
the unions called upon their members 
to continue the strike. There was little 
heart left in the fight and after several 
meetings between the unions and the 
railway managers a_ settlement was 
reached on Friday 14 May. 


The terms of the settlement were 
these : 


1. Those employees of the Railway Compa- 
nies who have gone out on strike to be taken 
back to work as soon as traffic offers and 
work can be found for them. The principle 
to be followed in reinstating to be seniority 
in each grade at each station, depot or office. 

2. The Trade Unions admit that in calling 
a strike they committed a wrongful act against 
the Companies, and agree that the Companies 
do not by reinstatement, surrender their legal 
rights to claim damages arising out of the 
strike from strikers and others responsible. 

3. The Unions undertake : 

a) Not again to instruct their memhers to 
strike without previous negotiations with the 
Companies ; J , 

b) To give no support of any kind to their 
members who take any unauthorized action; 

c) Not to encourage supervisory employees 
in the Special Class to take part in any strike. 
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4. The Companies intimated that arising 
out of the strike it may be necessary to re- 
move certain persons to other positions, but 
no such person’s salary or wages will be re- 
duced. Each Company will notify the Unions 
within one week the names of men whom they 
propose to transfer and will afford each man 
an opportunity of having an advocate to 
present his case to the general manager. 

5. The settlement shall not extend to persons 
who have been guilty of violence or intimi-_ 
dation. 


The unions instructed their members 
that there must be no intimidation or 
interference with loyal staff. The Com- 
pany responded by asking that nothing 
should be done on their side to cause 
ill-feeling and by applying the settle- 
ment in a generous spirit. The situa- 
tion called for good will on both sides. 
General trade was in a bad state. The 
coal strike was clearly going to drag 
on. In order to save fuel the passenger 
service had to be cut down to 50 % 
of normal. It looked as though 25 % 
of the strikers could not hope for re- 
employment. The unions appealed to 
the Companies to help them through the 
difficult period which lay ahead, and 
on 21 May an agreement was signed for 
the temporary suspension of the gua- 
ranteed week. This arrangement does 
not apply to men who remained loyal. 
Employment will be found for as many 
of the strikers as possible by distributing 
work on a basis which will give three 
day’s ordinary pay to each man re-en- 
gaged. Jn other respects the existing 
national agreements remain .in~ force. 
Truly a sorry ending to the great ad- 
venture from the point of view of the 
railwaymen ! 

The cost of the strike to the London 
& North Eastern may be put at the 
round figure of £1000000. This esti- 
mate allows for the loss in gross receipts 
and for the saving in wages which were 
not paid to the strikers. It also takes 
into account expenditure on voluntecrs 
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and on a handsome bonus which is 
being given to loyal staff. It does not 
include anything for consequential! losses 
which may arise from the fresh im- 
petus given by the strike to motor com- 
petition. 

Heavy as the loss to the Company and 
its employees has been, there are com- 
pensating gains. The trades unions have 
given up all faith in the policy of a 
general strike. Their defeat has been a 
triumph for constitutional procedure as 
a means of settling industrial disputes. 
Since 1911 the country has been unset- 
tled by a series of strikes. Nearly every 
trade has been involved at one time or 


another. Owing to economic conditions 
most of the strikes ended in concessions 
to the workmen. Now the greatest 
strike of all has emptied the coffers of 
the unions and must have shown their 
members that they have to face a new 
set of circumstances. Much hard work 
will be needed to make good the ground 
lost by the stoppage, but encouraging re- 
ports have come to hand which prove 
that the railwaymen are putting their 
best foot foremost. Their leaders have 
urged them to give to the Company of 
their best and to observe the letter and 
spirit of the agreements into which they 
have entered. 


MISCELLANEOUS INFORMATION 
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1. — Notes on ferro concrete sleepers, 


By Count BORINI. 
Figs. 1 to 3, p. 72 and 73. 


(Rivista dei Trasporti.) 


Rectangular sleepers have been used gener- 
ally up to the present, and care has been taken 
when laying them to see that the ends are 
properly supported by thoroughly consolidat- 
ing the ballast under the rail bearing plates, 
the ballast. being left just clear of the sleeper 
at the centre (see fig. 1). The reason for 
this will be appreciated when it is remember- 
ed that the ends of the sleepers may be con- 
sidered as two bearings through which the 


loads on the rails, due to the passage of rol- 
ling steck, are transmitted to the ballast, the 
centre part acting as a rigid connecting tie 
rod. In practice there is noticed, in addition 
to the lowering of the level due to ordinary 
compression, a further lowering caused by the 
ballast under the sleepers tending to get away, 
it might even be said being forced out, from 
under the ends of the sleepers, the result 
being that the ballast gradually loosens. 


The final result is that the sleeper becomes 
supported in exactly the opposite way to that 
aimed at when laying it (see fig. 2). 

In- the case of wood sleepers, this defect 
may be remedied by tamping the ballast under 
the ends before slightly raising the height of 
the sleeper. No damage has been done to 
the sleeper through being supported at its 
centre for a time as, owing to the high elastic 
strength of wood, a considerable bending mo- 
ment canbe carried at the centre which is 
just where it acts. 

Obviously this is not the case with ferro 
concrete sleepers as their elasticity is much 
lower than that of wood. The extended 


trials made between 1910 and 1912 by the 
Italian State Railways of more than 300000 
ferro concrete sleepers with the original spe- 
cial bearing plate proved this point. The 
main breakages occurred chiefly at the middle 
of the sleepers, whilst others, though less nu- 
merous, were found to have occurred at the 
rail fastenings, due to many causes, amongst 
which must be mentioned the dynamic effect 
of shocks. 

In order to overcome the above-mentioned 
defects, it would seem that the sleeper used 
should be of such form that it woulld : 

1) Resist the considerable bending moment 
which occurs at the centre when, for any 
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reason, the ballast becomes loose at the ends. 
With this object in view, the depth of the 
sleeper at the centre must be sufficient for 
its moment of resistance to be equal, or ap- 
proximately so, to the bending moment men- 
tioned above; 

2) Maintrin the best possible contact with 
the ballast by specially shaping the underside 
of the sleeper, and by using, in place of ordin- 
ary ballast, ballast of carefully selected size. 

In addition, the effect on the sleeper of 
dynamic forces must be reduced to a minimum 
by using special fastenings on an elastic 
packing which would absorb, or, at least, 


limit the vibrations and shocks caused by 
passing trains, 

These rules, which are opposed to those 
now in use when wood sleepers are under 
consideration, together with more than twenty 
years’ experience, have enabled us to design 
a special elastic bearing plate, in metal or 
wood, on which the rail would rest, with a 
special method of fastening, using metal fer- 
rules and fang bolts, as well as a sleeper of 
quite special form, so designed that it main- 
tains practically permanent equilibrium on 
the formation with regard to the rail sup- 
ports (see fig. 3). 


Sleepers of this pattern with this method 
of fastening have been in use for nearly three 
years on the main lines of the Reggio-Guas- 
talla Railway, and have given results which 
have confirmed the principles enunciated 
above. The Italian State Railways will short- 
ly test them on a large scale. 

It is not suggested that this improvement 
in the shape of the rigid sleeper has solved 
this difficult problem : it is felt however that 
progress has been made towards a solution. 

The sleeper, 2.40 m. (7 ft, 10 1/2 in.) long, 
weighs about 220 kgr. (485 Ib.) with 15 to 
24 kgr, (33 to 53 Jb.) of metal reinforcement, 
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and its cost price is high (65 to 70 lires) ; if 
a good durable sleeper is wanted it cannot be 
made cheaper unless the prices of steel and 
cement fail. 

Owing to the continued increase in the cost 
of wood sleepers, concréte sleepers will in the 
end have to be used for reasons of economy 
due to their longer life and the saving in the 
cost of upkeep of the track their use effects. 

A number of sketches of the sleeper in po- 
sition are given above so that the theoretical 
considerations underlying the laying of sleep- 
ers and their behaviour in service may be 
more readily understood. 


2. — Automatic crossing loops on single lines. 
Fig. 4, p. 74 


(Railway Gazette.) 


It is now a well-recognised fact that the 
provision of automatic signalling installations, 
in lieu of manual signalling is not only safer, 
but in the long run productive of a definite 
economy. This applies not merely in the case 


of districts having a high train density, but 
also in relatively light traffic districts where 
there are special circumstances warranting 
the elimination, as far as possible, of the 
human element. Such a situation arises in 
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conjunction with the signal engineer) it has 
been found possible to eliminate the human 
element entirely, except in special cireum- 
stances. 

The arrangement has been installed at a 
number of crossing loops on less important 
branch lines where the traffic is relatively 
light, and such loops can be worked entirely 
by the trainmen themselves without sacrificing 
any features of security. The average time 
taken to pass a train through an unattended 
crossing loop is seven minutes. It has also 

“been installed on important main lines and, 

in this case, an officer is brought on duty 
for the passage of certain express trains, the 
working being attended to by the train crews 
for all other trains. A slight modification to 
the circuits is arranged, under these condi- 
tions, so as to give a through run to an 
express train when required. 

In the lay-out of an unattended automatic 
crossing loop security for trains approaching 
from opposite directions is afforded by the 
provision of a dead-end siding at the outgoing 
end of each loop. Taking one loop as an 
example — a fixed distant signal or landmark 
is provided, it not being necessary to work 
a distant signal owing to the fact that every 
train must come to a stand at the crossing 
loop. At the single line facing points at 
either end an automatic home signal is pro- 
vided. This is controlled by track cireuit up 
to the end of the crossing loop, and also by 
the points at either end when in their 
normal position. The signal will, therefore, 
clear automatically when the crossing loop is 
clear, and when both points are lying in> 
their normal positions. At either end of the 
crossing loop is a small ground frame, in 
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which is placed the electric staff instrument 
for the adjacent section, this staff instrument 
being arranged to work automatically. From 
this frame are worked the facing points be- 
tween the loop and the main line,. and the 
signal for leaving the loop. The lever work- 
ing the points is released by the insertion 
of the staff for the adjacent single line sec- 
tion, the staff, however, being released for 
use when the points have been moved. 

In cases where the traffic is very light, in 
order to effect a saving in the battery con- 
sumption, which would otherwise be necessary 
for holding the home signal in the clear posi- 
tion continuously, the arrangement of the 
track circuits is so modified as to cause the 
signal to resume the clear position (subject, 
of course, to the loop being clear) upon the 
approach of a train within sighting distance 
of the signal. 

The procedure in connection with passing a 
train through the loop is as follows : 

A train arrives from the direction of A, 
and provided the previous train has cleared 
the down loop, the driver finds the auto- 
matic signal at clear for him to run into the 
loop. As he passes the ground frame, the 
driver places the staff in a receptacle or 
upon a hook adjacent to the frame, and 
brings his train to a stand at the starting 
signal at the opposite end. On the train com- 
ing to a stand, the guard alights, takes the 
staff and restores it to the instrument in 
frame B.1. In the meantime, the fireman 
proceeds to frame B.2 and withdraws the staff 
for the forward section B.2c. He then inserts 
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this staff in the locking frame at B.2, and 
by this means the points are released. The 
points are then set, and signal 2 cleared, 
and the train passes out on to the single line 
in the direction of C, the fireman taking the 
staff to the driver. Immediately the train 
clears the points, the guard resets the points 
in their normal position and joins the train, 
which then proceeds on its journey. The 
accompanying diagram shows a typical auto- 
matic crossing loop. 

By this scheme it will be seen that there is 
full security against a train entering an 
occupied loop, and also against a train being 
turned out on to a single line as one is 
approaching. This latter security is afford- 
ed by the fact that the points are released by 
the train staff, which, of course, would be in 
the possession of the approaching train, Upon 
a line on which the traffic is not heavy, the 
delay arising in consequence of the guard 
having to walk from one end of the loop line 
to the other is not serious, whilst the saving 
in expenditure effected is, of course, very 
considerable. 

In the event of the electric train staff 
instrument failing, special arrangements are 
made whereby, under suitable precautions, 
the points of the loop line can ‘be worked by 
the pilotman in charge of single line working, 

Quite a number of these installations have 
been effected, and as they are giving entire 
satisfaction — as we can testify from per- 
sonal experience — the arrangement is being 
extended as rapidly as possible to other 
suitable locations. 


3. — Standard locomotives for the German State Railways. 
Figs. 5 to 10, pp. 77 to 79. 


(From The Railway Engineer.) 


For very many years past there has been 
in operation on the railways of Germany a 
multiplicity of locomotive types, this being 
mainly due to the independence of the rail- 
way administrations of the various Federal 
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States, and with the amalgamation of the 
railways and the organisation of the system 
as a unified scheme this highly uneconomic 
condition of affairs was regarded as one of 
the principal matters calling for alteration. 
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Any ‘process aiming at the substitution of a 
widely-diversified locomotive stock by a fewer 
number of standardised types must of neces- 
sity be somewhat slow in its development, but 
the matter has been taken definitely in hand, 
and some of the new standard locomotives 
have already been completed and placed in 
service, whilst others of a highly advanced 
classification, with the heaviest adhesion load 
yet applied in Germany, are ready for intro- 
duction and will be placed in service as soon 
as the necessary strengthening of the bridges 
and track on certain.sections have been com- 
pleted. 

One of the types particularly referred to is 
a 4-6-2 express locomotive, which for the pur- 
pose of comparison has been built in two dif- 
ferent forms, namely, two-cylinder single-ex- 
pansion and four-cylinder compound. An- 
other is a heavy freight engine of the 2-10-0 
type. This was also built in two different 
forms : two-cylinder and three-cylinder single 
expansion. These locomotives have been con- 
structed by various leading firms in Germany, 
those of which illustrations are given here 
having been built by Henschel & Son, of Cassel. 
The Pacific type engine is, in this case, of 
the compound, four-cylinder pattern. 

Any system of locomotive standardisation 
would be largely ineffective unless steps were 
taken to ensure, so far as is possible, inter- 
changeability of parts, for without this the 
main value of standardisation is lost. Inter- 
changeability is in this case reflected in an 
economy of time and labour in effecting re- 
pairs and also making it unnecessary to hold 
very extensive stocks of component parts. 
The German locomotive builders have, as a 
consequence, and with the co-operation of the 
Central Railway Administration, brought into 
being a technical office where the designs of 
the new State Railway locomotives on stan- 
dardised principles have been worked out. 
These principles apply both to a certain unifor- 
mity in respect of the various types of loco- 
motives and to the interchangeability of as 
many parts as possible. In each type of loco- 
motive all spare parts are produced in accord- 
ance with uniform tolerance gauges and tem- 
plates, with the result that all such parts can 


be fitted to any of the standard locomotives 
without necessitating subsequent work and 
irrespective altogether of the particular fac- 
tory in which the locomotive was built. This 
interchange in fitting is only possible by the 
aid of very accurate measuring and testing 
appliances, 


The standard Pacific type engine. 


One of the most notable features of this 
locomotive is the fact that the axle loading 
is now approximately 20 tons, which is to 
become the standard in place of 17 1/2 tons 
hitherto used. For this reason, therefore, the 
power output of the locomotive will be pro- 
portionately greater than others having the 
same wheel arrangement, and it may here be 
pointed out that these new locomotives haye 
been designed to handle 60 axle trains which 
were beyond the capabilities of the six-coupled 
engines previously employed in fast passenger 
service. 

The new engines present many novel feat- 
ures, amongst them being bar frames, which 
are to be uniformly employed in all the stan- 
dard types in future. These frames are form- 
ed from rolled-steel plates 100 mm. (3 15/16 
inches) thick, whereas the ordinary plate 
frames previously used for German locomo- 
tives were 25 to 30 mm. (63/64 to 1 3/16 
inches) in thickness. The reasons given for 
the adoption of the bar type of frame are 
improved accessibility of the inside parts and 
the ease with which a wide firebox can be 
used, thus obtaining a large grate surface 
without recourse to an excessive firebox length. 

In order to maintain the continuous deve- 
lopment of high power, a large boiler has been 
provided with a correspondingly larger heat- 
ing surface. The diameter is 1 900 mm. (6 ft. 
2 3/4 in.), and the length between the tube 
plates 5800 mm. (19 ft 3/8 in.). The boiler 
barrel contains smoke tubes of 135 mm. 
(5 5/16 inches) diameter, arranged in five 
rows one over the other, for the reception of 
the -large smoke-tube superheater of the 
Schmidt type, and also 129 fire tubes of 
49 mm. (1 15/16 inches) diameter. The 
barrel carries a steam dome and a feed-water 
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mounting with angular grid water purifier. 
The smoke-box extends over the cylinder 
saddle, and the preheater is placed transver- 
sely above it in front of the chimney, whilst 
the air and feed pumps are placed to left and 
right of the boiler barrel, in order to give 
the enginemen as free a view as possible. 
The feeding of the boiler is effected by means 
of an injector and a Nielelock feed pump. The 


Fig. 9. — Half sections through cylinders 
and through firebox, 4-6-2 type. 


The centre line of the boiler is 3100 mm. 
(10 ft. 2 in.) above the rail level, this height 
being employed in order to obtain a suffi- 
ciently deep firebox. The result of this high 
centre line is reflected in the size and shape 
of the domes, sand-box, chimney and other 
fittings, the former being, as will be seen 
from the illustration, of reduced height. The 
extension shown on the chimney is permissible 
only on certain sections of the road. The dome 
next the firebox contains the throttle or regula- 
tor valve, which is of the well-known Schmidt 
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valves necessary for operating the injector, 
the steam-heating device, coal and ash-pan 
spraying devices, etce., are placed in a steam 
connection arranged on the left-hand side of 
the firebox, whilst the steam necessary for 
operating the air and feed pumps, the whistle 
and the blower is taken from a steam con- 
nection placed on the left-hand side of the 
smoke chamber. 
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Fig. 10. — Half sections through cylinders 
and through firebox, 2-10-0 type. 


& Wagner type, whilst that in front of the 
sand-box contains the feed-water purifier work- 
ing in connection with the Knorr feed-water 
preheater, which is fitted transversely in the 
smokebox immediately in front of the chim- 
ney. The feed-water is heated to about 100° C. 
(212° F.), and upon entry into the feed-water 
dome it is broken up into spray-like form, 
when owing to its mixing with the steam in 
the steam space, it is further heated to about 
135° C. (275° F.), at which temperature the 
scale-forming particles are separated and de- 
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posited on a series of trays, from whence 
they are conveyed by means of rectangular 
ducts, formed round the inside periphery of 
the boiler barrel, into a sump, which can 
easily be blown out after each trip through 
a valve fitted specially for this purpose. The 
purifying trays are removable for cleaning. 
In addition, a blow-off cock is provided at the 
back of the boiler, and here are no fewer than 
32 mud doors. The condensate from the pre- 
heater is returned to the tender tank after 
having first passed through an oil separator. 
In this manner about 15 % of the water eva- 
porated in the boiler is passed back to the 
tank as clean, hot water, and, of course, free 
from scale deposits. 

Contrary to ordinary practice, the various 
fittings for supplying steam for the injector, 
steam heating, feed-water and air pumps are 
located outside the cab, and with a view to 
avoiding long pipe connections, one steam 
turret is placed on the firebox in front of 
the cab, and another forward on the left-hand 
side of the smokebox. The fire grate is fitted 
with a drop portion operated by hand by 
means of a wheel and screw. The ashpan is 
provided with the necessary dampers, as usual, 
and, in addition, with easily manipulated ash 
hoppers. 

The construction of the superheater header 
in the smokebox is peculiar, inasmuch as the 
saturated and superheated sections are sepa- 
rate castings bolted together. -This construc- 
tion has for its object the eliminating of frac- 
tures which might arise from the stresses set 
up by the difference in the temperature of 
the sections for the saturated and superheated 
steam. The feed-water pump and the air brake 
are arranged at either side of the smokebox. 

The engine, as seen, is fitted with wind 
guides, these being for the purpose of de- 
flecting the smoke upwards when the engine 
is running, thus preventing it from beating 


Cylinders (two) H. P. diameter . 
— (two) L. P. diameter : 
— piston stroke 
Wheels, coupled, diameter 
-— bogie, diameter . 
— trailing, diameter 


down, and in that way obstructing the view 
from the cab. 

In order to ensure the safe negotiation of 
curves, the leading truck is constructed on 
the Adams principle, allowing for lateral mo- 
tion, and the trailing pair of wheels is ar- 
arranged in the same manner. Further, so 
that the engine may run steadily on straight 
portions of the track, strong leaf or laminated 
check springs control the lateral motion of the 
leading truck, whilst that of the trailing 
truck is effected by helical springs. The dia- 
meter of the coupled wheels is 2 000 mm. (6 ft. 
6 3/4 in.), which enables the locomotive to 
attain a speed of 120 km. (74.6 miles) per 
hour. 

The centre lines of the two high-pressure 
cylinders placed between the frames are in- 
clined. These cylinders form one casting 
with their respective steam chests. The low- 
pressure. cylinders placed outside the frames 
are horizontal. 

Steam distribution is effected by means of 
piston valves with small spring packing rings. 
The high-pressure valves of 220 mm. (8 11/16 
inches diameter) have inside admission, and 
the low-pressure valves of 350 mm, (13 3/4 
inches diameter) outside admission. They are 
actuated by the standard Walschaerts valve 
gear with transmission shafts for conveying 
motion from the outside to the inside valve 
spindles. On the steam chests are bye-pass 
valves controlled by air, and on the cylinders 
the usual drain valves and safety valves. The 
high-pressure bye-pass valves, when open, also 
serve as starting gear, the steam flowing di- 
rect through the steam chests of the high- 
pressure cylinders to the low-pressure cylin- 
der. In the case of the two-cylinder locomo- 
tive, the cylinders measure 25.6 inches dia- 
meter by 25.9 inches stroke, and the piston 
valves are 1] 3/4 inches diameter. 

The following are the leading dimensions = 


460 mm. (48 1/8 inches). 
720 mm. (28 3/8 inches). 
660 mm. (26 inches). 
2.000 mm. (6 ft. 6 3/4 in.). 
850 mm, (2 ft. 9 4/2 in.). 
4 250 mm. (4 ft. 4 4/4 in.). 
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Wheelbase, rigid 
_ total 
Steam pressure . 


{ieating surface : 
Firebox. 
Tubes 


Total. 


Superheater . 

Preheater . 

Grate area. 5 
Weight in working aie oneiae) : 
Adhesion weight 

Weight in working order fengidh oul entes) 
Tractive power . 


4 600 mm. (45 ft. 4 4/8 in.). 
42 400 mm. (40 ft. 8 1/4 in.). 


16 kgr. per square centimetre (227.6 lb. 
per square inch). 


17 square metres (182.99 square feet). 
221 square metres (2 378.91 square feet). 


238 square metres (2 561.90 square feet). 
100 square metres (4 076.43 square feet). 
13.4 square metres (144.24 square feet). 
4.5 square metres (48.44 square feet). 
114.50 tons, 
59.28 tons. 
175.56 tons. 
26 400 lb. 


Tender. 


Wheels, diameter . 
Wheelbase, total 

Water capacity . 

Coal capacity. 3 
Weight in working ans. 


All wheels: of the coupled axles and also 
those of the bogie are braked on one side by 
air brakes of the Knorr type, the brake power 
available being equal to 170 % of the adhe- 
sive weight and 70 % of the weight borne by 
the trucks. The tender is equipped with a 
Kunze-Knorr pressure brake, as well as hand 
brake, Furthermore, the driving and ‘coupled 
wheels are sanded iby means of an air sand 
blower. The locomotive also possesses steam- 
heating apparatus, gas lighting and speed- 
indicating mechanism. The tender is carried 
on eight wheels, the leading pair of axles 
being mounted in a bogie, whilst the trailing 
pair are rigid with the main frames, 


The 2-10-0 type heavy freight engine. 


The standard heavy freight engine of the 
2-10-0 type with three single-expansion cylin- 
ders represents the latest and largest develcp- 
ment of its kind in Germany. As the draw- 
ing shows, the inside cylinder is inclined and 
drives the second pair of coupled wheels, whilst 
the outside cylinders are horizontal and drive 
the third pair of coupled wheels. The boiler 
is substantially the same as that fitted to 
the passenger engine previously described, as 


4 000 mm. (3 ft. 3 3/8 in.). 
4 750 mm. (15 ft. 7 in.). 

6 600 imperial gallons. 

6.9 tons. 

64.062 tons. 


also is the general equipment of the locomo- 
tive. 

Steam distribution is effected by piston 
valves 11 3/4 inches in diameter, the inside 
valve being actuated by mechanism deriving 
motion from the outside valve spindles. The 
arrangement of steam and exhaust piping is 
shown in the cross-end sectional view, which 
similarly demonstrates the jlocation of the 
steam chests to the cylinders. The latter are 
23 5/8 inches diameter, the piston stroke 
being 26 inches, other particulars being as 


follow : 

Heating surface total . 2 551 square feet. 
Superheater . 107% — — 

Grate area 50.6 —- — 


200 lb. per square inch. 
111.65 tons. 
47 400 lb. 


The tender jis mounted wpon two four-wheel- 
ed bogies, with wheels 3 ft. 3 3/8 inches in 
diameter. It has a coal capacity of 9.842 tons, 
and a water capacity of 7 000 imperial gallons. 
Its weight in working order is 75.22 tons, 
making a total for engine and tender together 
in working order of 186.87 tons. Further 
particulars can be obtained from the drawings. 


Working pressure . : 
Weight in working order . 
Tractive power . ; 


[ 3413 .585 (.498) ] 


Length of system : 6955 miles. 


We reproduce below a table giving statistics of train 


4. — Statistics of the Roumanian 


Traffic statistics of 


= z Number Trains > 
S$ § of trains ~ Train. Engine.’ : 
TYPE OF TRaINS. S < run. booked. actual. Ss oe ete pe 
os paar pense 
Fe Numbers. | Hours in traffic. | /, Miles. 
D i j hip) Jpotages La, (aan 0 P q 
Express from 4627] 23309] 2373] 2 570 809 4 142 473 
trains de luxe. to 41 773 2 5038 22 937 ae 574 766 4740 537 
om from 40091 | 75469! 77007] 2] 4628817 4.553 555 
‘ to 10492 | 74939] 769621 3] 4630250 4565 068} 
ceed Det from 48 152 262 871} 26662414 4 4 212 682 
Se hae oa ees 49568 | 260595| 265395] 2} 4244877 
Z ee from 87202 | 214790| 222349] 4] 2238037 
z : ; to 94 954 210813) 246549] 3] 2238 386 
= i from 2 236 6 429 6664] 4 445 557 
~ Autotrains. to 2544 6144 64431 5 115 232 
fa Fast from 2027] 58398] 61125] 5 581 138 
< ila to 2240 | 59173| 63002] 6 584 372 
z Phrough, pick-up} from : 97 816 8412896] 857144] 5 5 970 155 
8 and ordinary. to 102 488 806 428} 861963] 7 6 018 315 
from 5 545 5620] 1 38.952 
yee Vino 4415 | a0 aaa fag 33 376 - 
; from 250 090 | 1 459 407 | 1520243] 4] 153 356 147 
Total taxed trains. [4 261 915 11445 010| 4517670] 5| 154 404574 
= from ——240 | - 2232 22541 1 20 279 
MiliSary.. ts 344 3063] 3407] 4 29 912 
from 265 2661 0 5 313 
Boyal. io 202 204] 4 4588 a 
Special ministerial | from 278 2781 0 5 038 
and autotrains. to 335 8464 3 5 912 
2 Staff from 13882} 153297 4] 208472 
> an to 12936] 44204110 185 863 
ole la from 25004| 25664] 3) 150°712 
ane eS he 24191| 24622] 2 159 483 
a |e . from 3003} 3492] 6 39 498 
n Test. 
a | 2 to 3134 3336] 7 41 658 
& |Breakdownand from 242 2427 0 2061 
< | snow ploughs. to 233 231} 0 pede 046 —— 
Powe) (ah 26632] 27034] 2 
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Pa ok from 74538} 742591 4] 426073 
Total free trains. | 4, 73240] 55584 3 429 462 
a from 325 392 |1530945| 1594472) 4] 415782 220 
Total general. to 338 205 | 1518 220] 1593228] 5] 15834036 


eee ee | 
Total general. 
ee eee 


Daily average. Accumulated. 


Accumulated. 


663 597 | 3 049 165 


8 354 


3 187 700 
8 733 


34 616 256 


86 620 


ilways for the year 1925. 


yements on the Roumanian Railways for the year 1925. 


' Roumanian system. Total of standard and narrow gauge lines. 
 Acles | Luggage ; 
eee ee aes etn | Beginee | Prot 
assenger | Sleeping and oods and miscellaneous. | columns p.q, 7,5, | Passenger, miscellan: ous : Siiaus ee 
ehicles. | dining cars. Siar mae itoawed: t, u. feo wagons. steam. | © 
Miles. . Axle-miles. 100 gross ton-miles. 
r s / t | u v w aC y | z 
328561| 4816372 36 457 61 015 45420110 | 1547173 7 564 aes 4554 737 
306 048) 4876 362 24 272 T9 343 15 465 293 1 542 422 T 796 date 4 550 2418 
3109 402] 5527602 2414 458 208 316 42 312 068 3 976 740 26 550 tas 4 008 290 
7997 888} 5574 461 175 978 328 286 42 227 655 3 950 493 32 596 98 3 983 187 
879948 | 766805) 3499765 94 669995 | 8 122088 294413 | 1365 8 417 866 
i 876 317 989 460} 3 740 628 95 267 180 8 200 145 319 654 343 8 520 079 
) 742 176 60 7579 860} 9770057 44 786 017 1924 103 1 172 333 290 3 096 726 
0 614 453 vee 6 086 937} 12 224 324 45 633 024 1 924 545 1 339 655 7 355 3 271 555 
- 659 696 oe0 104 332) 669 183 46 490 34 nen 46 524 
- 669 835 ad 731 565 681 967: 46 279 76 ae 46 355 
161 con 10 467 227| 418 156 357 28 323 745 405 2 053 081 595 2 054 081 
6 353 620} 22379 594 28 733 214 | 433 2 250 682 1 644 Bee og 
35 907 421 | 140 162 940) 193 891 227 334 091 219 10941] 253808 385 10 327 25 3829 653 
33 064 149 | 96 746 863] 236 070 966 332 851 358 11028] 28 236 899 13 854 28 261 778 
15314]... 908018} 779 202 1 702 534 768 GB201)| ys 98 975 
18 032 fod 523 233 978 139 1519 404 884 104 813 ase 105 697 
8 203 233] 14 224 103 | 159 835 869] 226 366 271 561 974 868 | 15628708) 28 960 564 12 577 44 601 849 
7 898 736] 414 327 289 | 110 901 094] 275 801 845 562 379 092 | 15676199] 32292 169 23 261 47 991 629 
m 212333 ape 188 457 944 732 4 344 586 14 274 74 090 as 88 364 
eA 116) 20 183) beer) 2087751 | 15 125) 128 407 | 8B 82 
98 664 21 469 81 40 807 162 844 14 U52 1 050 Jes 15 102 
90 363 20 632 See 44 605 153 989 42 798 1 O72 oa 13 870 
© 61 735 4782 2 328 10 043 92 187 6 908 897 56s 7805 
104 318 2 193 639 8 624 125 864 10 099 733 ee 10 832 
1 697 TOT 112 792 45 796 91 599 4 944 254 138 899 9 690 see 148 589 
ee eee ee Beige es | eetoteie ys tt | 0798 
3 543 ifs) 1307858) 2796 952 4110 354 318 279 176 bho 280 094 
| 4466) |_— 2 404869 1929011] 4.402020] 685) HHS | BT FT 28S 
365 685 28) ee 934 157 155 625 1 526 990 38 905 63 792 ate 102 697 
BOO T62) See ed 802 | 992030) 72270]. 1530599 | 42 2e8) 58609 | 68 | 100895 
2 347 4 445 13 999] 47 877 496 4188 4 1 388 
HOH 2015 14724 18 816 162 4 465 148 1 T75 
2442 014 62 770 2477123) 4020757 9 199 693 213 552 430 483 + 644 039 
2 396 874 60 792 3761574} 3688501 10 093 813 2412 734 450 950 248 663 932 
0 645 244] 414 286 873 | 162 3412 992] 230 387 028 5714174561 | 15842260) 29391 047 42 584 45 245 888 
0 295 610} 14 388 081 | 114 662 668} 279 490 316 572 472 905 | 15888933] 321743 119 23 509 48 655 564 
0.940 854] 22 674 954 | 276 975 660] 509 877 344] 1 143.647 466 | 31731193} 62134 166 36 090 93 904 449 


er fc | ES | | 


714 906 62 123 758 837| 1396 924 3 133 280 86 934 170 234 99 257 264 


Se Oe 
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5. — Radio phone between locomotive and caboose. 
(From Railway Age.) 


A practical demonstration of radio telephone 
ocmmunication between engineman in the loco- 
motive cab and the conductor in the caboose 
of a 115-car freight train was conducted suc- 
cessfully on the New York Central on 8 July, 
between Chicago and Elkhart, Ind., a distance 
of 95 miles. The test was conducted under 
the auspices of Committee 12, Radio and car- 
rier current systems, of the telegraph and tele- 
phone section of the American Railway Asso- 
ciation, in conjunction with the Zenith Radio 
Corporation. In addition to members of the 
committee, communication officers of various 
roads were present to witness the tests mak- 
ing a party of about 60. The radio apparatus 
performed in a satisfactory manner through- 
out the run and it was the consensus of opi- 
nion among the railroad officers present that 
such a facility could be used to advantage in 
freight train operation especially in moun- 
tainous country. 

The train with a load of 4 600 tons, consist- 
ing of 115 cars (62 loads and 51 empties the 
majority of which were steel hopper cars) 
1 business car, 1 coach and 1 caboose, left 
Englewood, Sixty-Third street, Chicago, about 
9.00 a. m., making the 95-mile run to Elkhart, 
Ind., in 4 hours 32 minutes. 

The first use of the radio telephone appa- 
ratus was made while making up the train 
when the conductor talked with the engineman 
during the terminal air brake test and told 
him that there was not enough air at the 
rear end. At Pine, Ind., the engineman gave 
the conductor the number of the helper engine 
being ‘attached and informed the conductor 
when he was ready to pull out. It ‘was noted 
in this case that a period of 26 seconds 
elapsed between the time the engine started 
and the ‘instant the caboose began to move. 
Orders had been issued to make a stop at 
Millers, Ind. However, it was decided that 
the requirements could be met by throwing 
off messages at’ this point, whereupon the 
trainmaster in the caboose told the engineman 
to disregard the order to stop at Millers, but 
to call to the attention of the operator at 


that station that messages would be thrown 
off the rear end. This procedure being car- 
ried out successfully the train stop was eli- 
minated. Other information regarding the 
operation of the train was passed back and 
forth from time to time, 


Equipment used. 


The radio equipment used in the locomotive 
— the same as that used in the caboose — 
consisted of a combined receiving and trans- 
mitting set with a dynamotor set operating 
from a 12-volt storage battery for the plate 
voltage and a 12-volt battery for the filament. 
Seven tubes, three for transmitting and four 
for receiving, were employed, a wave length 
of 115 meters being used. The antenna con- 
sisted of about 35 feet of 1/2 inch brass pipe, 
which on the caboose was mounted on the 
frame work around the cupola, and on the 
engine above the cab roof. 

The operation of the radio equipment was 
comparatively simple as was evidenced by the 
fact that the members of the train and engine 
crew, as well as a number of the railroad men 
present, had no trouble in securing satisfac- 
tory results. When ready for service the two 
sets are tuned; then by pressing a button in 
the caboose a howl was produced in the loud 
speaker in the engine cab. This signal was 
answered by the engineman by pushing a 
button and saying; « Engine 2561 talking, 
what do you want? >» This started the con- 
versation. The receiver and transmitter of 
each set are mounted together in a portable 
style with a finger switch on the arm which 
is pressed when talking, this switch control- 
ling the dynamotor which produces the trans- 
mitting voltage. 

The howler signals which can be transmitted 
and received over the loud receivers at any 
time are used for calling a man to the phone, 
jut can also be used to transmit the standard 
A, R. A .train operating signals such as for a 
« stop », « go-ahead », etc., that can be given 
by the signal air system on passenger trains. 


a Pe Se ae 


Se... 4 


These howler signals can be transmitted and 
received successfully under most any ordinary 
conditions. However, the speech transmission 
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or reception was considerably reduced when 
the engine or caboose was passing through a 
long heavy steel bridge. 


6. — Loud speakers direct trains, 
By Jesse A. LEASON. 


Figs. 11 ani 12, pp. & and 86. 
(Railway Review.) 


Loud speakers and a microphone are being 
used successfully for the first time in the 


i 


history of railroading to direct all train mo- 
vements in the yards of the Union depot at 


Fig. 414. — Switchman getting orders through loud speaker. 


St, Paul, Minn., and it is believed by trans- 
portation officials that the system will revo- 
lutionize the present method of handling trains 
throughout the country. After being in use 
only a few weeks the new system has demon- 


strated its worth by speeding up service, in- 
creasing efficiency in the yards and eliminating 
frequent misunderstandings of signals which 
occurred under the old method. 

Trains coming into St. Paul approach on 


sora aes. 


the customary few lead-in tracks from which 
they are switched on to any one of twenty- 
three tracks leading into the depot. It is this 
switching which is handled over the loud 
speakers and switch tenders now receive their 
orders in spoken words instead of the manual 


or electric signal systems. Under the old 
method the train director in his tower gave 
his orders to switchmen by moving his arms 
to certains positions which the yardmen in- 
terpreted. In heavy rain or foggy weather 
it was often impossible to see the signal man 


Fi-. 12. — Approaeh tracks at St. Paul Union Station. 


and even in clear weather it was easy to mis- 
take the signals. Because of their complexity 
new men required weeks to learn the signals 
well enough to man their switches. 

When an inbound train approaches St, Paul 
the director is informed by phone from outly- 
ing stations. He then assigns a track into 
the depot for the train and issues his orders 
into the microphone, giving the number of 
the train and the track it is to be directed 
over, the switchmen turning the proper 
switches as ordered. , 

Formerly it was not uncommon for several 


trains to be blocked outside the yards while 


trains inside were being untangled as a result 
of the failure of the old signal system. Delays 
for more than an hour have been known. 
Under the new method the trains move into 
the station with absolute precision, a delay 
of as much as two minutes being rare. There 
are twenty-nine loud speakers located through- 
out the -yards and ean be understood with 
perfect clearness. The loud speaker system 
was devised by J. Russell, superintendent of 
the St. Paul union depot and was installed at 
a cost of $6 000. 


| 


